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A distinetly superior estrogen tamuscular i in 
MICROPELLETS® (aqueous suspension of estradiol) offers 
| _ prolonged action overall e ciency 
f | Rednsing the “lag time’ injection: tena) onset of relief, 
j f , MICROPELLETS PROGYNON acts more rapidly than other estrogens in 
oe ae, suspension. Because estradiol microcrystals remain in situ for 
' a week or longer, hormonal effects are sustained. A 1 cc..dose of 
MICROPELLETS PROGYNON contains 1 mg. éstradiol U.S:P. and 
_ represents 12,000 Allen- Doisy I Rat u ts or (for comparison) 


Packaging: MICROPELLETS PROGYNON: 
Multiple dose vials of 10 cc. containing 0.25 and. 

1.0 mg. estradiol (3000 and 12,000 R.U.) per cc. 
. Boxes of 1 and.6.viale. 
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In Cardiovascular Failure... 
Ss salt without sodium 


Sodium restriction is an essential part of the modern 

management of cardiovascular failure. But, ‘ 
without seasoning, low sodium diets are difficult to 

endure. Neocurtasal, completely sodium free salt, 

palatably seasons all foods. Neocurtasal looks 

and is used like ordinary table salt. Available 


in convenient 2 oz. shakers and 8 oz. bottles. 
ammonium chloride, potassium formate, calcium 
oo Potassium content 36%; chloride 39.3%; 
pte : Write for pads of diet sheets. 


New York Y 
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Clinical Studies 


Effect of Schedule of Administration on the Therapeutic Efficacy of Penicillin. Im- 

portance of the Aggregate Time Penicillin Remains at Effectively Bactericidal 
Levels . . Harry EAGLE, RALPH FLEISCHMAN AND ARLYNE D. MussELMAN 280 
The report presents the results of long and detailed study of the factors operating to determine the 
efficacy of penicillin given in different dosage schedules in a variety of experimental infections. 
The essential common therapeutic factor, irrespective of dosage schedule, appears to be the aggre- 
gate period of effective penicillin concentrations. This result, together with the methods of investi- 
gation and analysis, would appear to have general implications for the over-all theory of the action 
of antibiotics in infections. 


Treatment of Rickettsialpox with Aureomycin 
Harry M. Rosr, YALE KNEELAND, JR. AND Count Gipson 300 
This study completes the spectrum of human rickettsial diseases amenable to aureomycin therapy 
by demonstrating prompt remission in eight patients with rickettsialpox treated with this anti- 
biotic. 


Further Experience in the Treatment of Rocky Mountain Spotted Fever with Chlor- 
amphenicol 
Rosert T. Parker, Ropert E. BAvER, LEONARD M. LisTER, THEODORE E. 
~WoopwarD AND Howarp E. 308 
A favorable response to chloramphenicol in sixteen cases of Rocky Mountain spotted fever con- 
firms the efficacy of this antibiotic. Recommendations regarding optimal dosage schedules are 
made. 


Plasmacytosis and Hyperglobulinemia as Manifestations of Hypersensitivity. A Post- 

mortem Study of Two Cases with Hypersensitivity Probably to Sulfadiazine 
THEODORE ROBERTSON 315 

Two interesting cases of widespread plasmacytosis, hepatitis and interstitial nephritis, probably 
associated with sulfadiazine hypersensitivity, are described in detail. One showed marked hyper- 
globulinemia. The relationship of hypersensitivity, hyperglobulinemia and plasmacytosis is dis- 
cussed provocatively and the difficulties in differentiation from myelomatosis, a real problem, 
stressed. 
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ajor points 


difference 


Decholin Sodium is a true hydrocholeretic agent. Its 


administration in biliary tract therapy stimulates and 
increases hepatic output of thin, low viscosity, 
“tract-rinsing” bile. 


[point two —>Decholin Sodium isa single, specific bile acid derivative— 


pure sodium dehydrocholate, gram for gram the 
most effective hydrocholeretic available to medicine. 
Adequate dosage has been established and 

action is predictable. 


Decholin Sodium has become established 


as the clinical standard for hydrocholeretic 
therapy. The literature is abundant, 
favorable and increasing. 


(brand of sodium dehydrocholate) 


in 20% aqueous solution, ampuls of 3 cc., 5 cc., 
and 10 cc., in boxes of 3, 20 and 100. 


Decholin (brand of dehydrocholic acid) tablets 


in bottles of 25, 100, 500, 1000 and 5000. 
Decholin and Decholin Sodium, reg. trademarks 


AMES COMPANY, INC: ELKHART, INDIANA 
Ames Company of Canada, Ltd., Toronto 
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Relationship of Bene Marrow Plasmacytosis to the Changes in Serum Gamma Globu- 
lin in Rheumatic Fever . . . . Rosert A. Goop AND BERRY CAMPBELL 330 


Bone marrow plasmacytosis was found to occur regularly in acute rheumatic fever and appeared to 
be correlated with an increase in serum gamma globulins. 


Review 


Cryptococcosis. A Review with Special Reference to Apparent Association with 
Hodgkin’s Disease 
BENJAMIN R. GENDEL, MILTON ENDE AND STAFFORD L. NorMAN 343 


Cryptococcosis is more common than generally believed. The association with Hodgkin’s disease in 
some cases raised some interesting speculations. 


Seminars on Renal Physiology 


Acid-base Regulation by the Kidneys. . . . . . . + +.RosBerRT F. Pitts 356 


Dr. Pitts has prepared a masterly summary of current views regarding the role of renal regulation 
of acid-base equilibria in the body, incorporating his own original contributions to our knowledge 
of the mechanisms involved. In addition to normal relationships, disturbances in diabetic and 
nephritic acidosis are considered. 


Conference on Therapy 


Conferences on Therapy (Cornell University Medical College)—This up-to-date clinic reflects 
the changes in treatment of neurosyphilis that have come about since the introduction of penicillin, 
for example, complete abandonment of the arsenicals. The clinical and serologic criteria of cure, 
the type and duration of treatment, the place of malarial fever therapy and many other practical 
problems are discussed. 


Contents continued on page 7 
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a| new 


drug... 


for the treatment of ventricular arrhythmias 


_ quinidine therapy (8 Gm. per day). 


P R O N E S 1Vk Hydrochloride 


Squibb Procaine Amide Hydrochloride 


; } 


Oral administration of Pronesty] in doses of 3-6 grams 
per day, for periods of time varying from 2 days to 
3 months, produced no toxic effects as evidenced 
by studies of blood count, urine, liver function, 
blood pressure, and electrocardiogram, Pronestyl 
may be given intravenously with relative safety. 


PRONESTYL IS A TRADEMARK OF E.R. SQUIBB @ SONS 


Pronesty! Hydrochloride Capsules, 0.25 Gm., bottles of 100 and 1000. 
Pronesty] Hydrochloride Solution, 100 mg. per cc., 10 cc. vials. 


For detailed information on dosage and administration, write for 
literature or ask your Squibb Professional Service Representative. 


nee j SQUIBB MANUFACTURING CHEMISTS TO THE MEDICAL PROFESSION SINCE 1858. 
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Clinico-pathologic Conference 


Hemochromatosis versus Addison’s Disease . . ..... . . . 383 


Clinico-pathologic Conference (Washington University School of Medicine)—This interesting 
case, presenting the sometimes difficult problem of differentiation of h mochromatosis from Addi- 
son’s disease, was the subject of elegant study and analysis. The laboratory findings proved to be 
extremely helpful, even the interpretation of the negative epinephrine test proving to be correct. 


Special Feature 


’ Southern Society for Clinical Research—Abstracts of Papers Presented at the Fourth 
Annual Meeting in New Orleans, Louisiana, March 18,1950 . . . . . 394 


Case Reports 


Disseminated Coccidioidomycosis. ‘Treatment with Protoanemonin 
NEAL J. Conan, JR. AND GEORGE A. HyMAN 408 
An unusual case. 


Chronic Hemolytic Anemia with Paroxysmal Nocturnal Hemoglobinuria (Marchi- 
afava-Micheli Syndrome). . N. Simpson, JR. AND C. OLDHAM 414 


An interesting example of one of the rarer hemolytic anemias. 


Shigella Alkalescens as a Cause of Pyelocystitis with Bacteremia 
GEORGE C. SUTTON AND ARTHUR BERNSTEIN 422 


The evidence that S. alkalescens may be pathogenic is summarized and an illustrative case 
added. 
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Compare the 


high blood levels 


obtained with a single 
l-cc. dose of 600,000-unit 
Abbocillin-DC 


Obtained with I:cc. Doses 


@ ABBOCILLIN -DC, 600,000 units per cc. 
X Penicillin G Procaine in Aqueous Sus- 
Pension, Abbott, 300,000 units per cc.* 


© Penicillin G Procaine in Oil with Alu- 
minum Monostearate 2%, Abbott, 
300,000 units per cc.* 

*Data from M. J. Romansky, M.D. 
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This is a truly repository preparation—600,000 units (double concentration) 
of penicillin G procaine in aqueous suspension. Single 1-cc. doses of 
ABBOCILLIN-DC have consistently afforded prolonged high blood 

levels similar to the median curve shown above. 

In the B-D Disposable Cartridge Syringe the suspension is ready for 
immediate use in the office, hospital or home. ABBOCILLIN-DC does not contain 
oils or waxes. Even though it is quite viscous, it flows freely through the 
needle. When administered by deep intramuscular injection, there is a minimum 


of pain—no more than with other aqueous suspensions. 


Try it the next time repository penicillin is indicated. Obbott 


& 
- Penicillin G Procaine in Aqueous Suspension, 600,000 
Units— Double Concentration in B-D* 1-cc. Dispos- 
NOTE THE NAME... able Cartridge Syringe. For intramuscular use only. 


*T. M. Reg. Becton, Dickinson & Co, 


REG. U. S. PAT. OFF. 
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| "patients on low-sodium diets 
Will enjoy meals again 
CO-SALT 
and seasons 
food so much like 
sodium chloride 


CONGESTIVE 
HEART FAILURE 


that patients on 
low-sodium diets will 
hardly miss salt. 


They will cooperate 
more fully in adhering 
TOXEMIAS OF to your diet, be 


PREGNANCY 


| 


sodium at a minimum. 


better nourished, 
keep intake of 
edema-causing 


sodium-free 


= looks like Sait 


Accepted for advertising in the Journal of the American Medical Association. 


CO-SALT CONTAINS NO LITHIUM, NO SODIUM 
.. is not bitter, metallic, 
or disagreeable in taste. 


CO-SALT is the only salt substitute to 
provide choline which blends with 
potassium and ammonium chlorides 
to produce a taste closely resembling 
that of sodium chloride — for use 

at the table or in cooking — will 

be a joy to low-sodium diet patients. 
CO-SALT contains: Choline, 


Potassium Chioride, Ammonium 
Chioride and Tri-Caicium Phosphate. 


Send for tasting samples and low-sodium diet charts. 


CASIMIR FUNK LABORATORIES, INC. 


affiliate of U. S. VITAMIN CORPORATION 


250 EAST 43rd ST., NEW YORK 17, N. Y. 


the new and different & 
tastes like salt. 


sprinkles like salt 
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Again! and still again2 
new studies show 

how “‘oil-in-water”’ vitamin 
solutions such as 


developed hy the 
Research Laboratories 
+ of the U.S. Vitamin 
a Corporation* make possible 
speedier and more 
‘2 complete absorption 


and better utilization 

of vitamin A when given 
in aqueous solutions 

as compared to 

oily solutions. 

*U. S. Patent No. 2,417,299. 


water 


gets the oil there 
faster 


AQUASOL VITAMIN 


. first and only aqueous vitamin A accepted by the Council. 
es ; Provides per gram (approx. 1 cc.) 50,000 U.S. P. units 
: of natural vitamin A in aqueous solution. 


Le? Particularly suggested in patients with 

s dysfunctions of the liver, pancreas, and biliary tract 
. which interfere with utilization of fats; in celiac 

idee disease and certain other diarrheal states. 

VITAMIN A 

ig DROPS 


1. Lewis, J. M., Cohian, S. Q., and 
Messina, A.: Pediatrics 5:425, 1950. Send for samples. 


2. Lewis, J. M., and Cobian, S. U. S. VITAMIN CORPORATION 


4S Med. Clinics North Amer., March, 1950. 
CASIMIR FUNK LABORATORIES, INC. (affiliate) 
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RUTAMINAL 


Ocular 


Fundus in 
Degenerative 
Vascular 
Disease — 
Hypertension, 
Diabetes, 
Arteriosclerosis 
—note 
tortuous 
blood vessels, 
areas of 
exudation, 
hemorrhagic 
areas. 


Normal) 
Ocular 
Fundus 


"In keeping with newer clinical findings, the 
rutin content of RUTAMINAL has been in- 
creased to 60 mg. per tablet (three times 
the former rutin content) at no increase in 
cost to the patient. 

*RUTAMINAL is the trademark of Schenley 
Laboratories, Inc. and designates exclu- 


sively: its brand of tablets containing 
rutin, aminophylline, and phenobarbital. 


schenley /aboratories, inc., 350 fifth ave., new york I, n. y. 


the 
protection 

of 

rutin! 

the 

action 

of 
aminophylline 
the 

sedation 

of 
phenobarbital 
—for 

use 

in 

selected 
cardiovascular 
and 

diabetic 
conditions 

in 

which 
excessive 
capillary 
fragility 
presents 

a 
complicating 
hazard 
—bottles 

of 

100 

tablets 


© Schenley Laboratories, Inc. 
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INDICATIONS: 


DOSAGE: 


PREPARATION: 


» New. because its distinctive chemical component is a 
piperazine ring instead of the ethylenediamine group on 


most antihistaminic compounds have so far been 
only 


te based: Erpator specificity of action is the result. 


The clinical ssabyiinees of ‘Perazil’ rests on its well 


marked and prolonged antihistamine action and the 
fact that only a few patients experience any side reac- 
tions; those who do so usually find them mild. 


“The percentage and severity of side reactions was very 
low. Due to the longer duration of action of ‘Perazil’, less 
frequent administration of tablets was necessary”. 


Cullick, L. and Ogden, H. D.: J. South Med, Assn, 43: No. 7, July 1950 


Hay fever, vasomotor rhinitis, urticaria, 
allergic dermatitis and pollen asthma. 


50 mg. (one product) once or twice daily with water; 
may be increased if required in severe cases. 


‘Perazil’ brand Chlorcyclizine Hydrochloride 50 mg. 


Each compressed product is scored to facilitate division. 


& BURROUGHS WELLCOME & CO. U.S.A.) INC. Tuckahoe 7, ¥. 
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-PALATABILITY 


Orange flavor tastes delicious straight on 
the tongue or mixed in food. Non-aller- 
genic, non-alcoholic Vitamin A ester 
used—no fishy taste or odor. No alcohol. 


Each cc. of Ol-Vitum Drops contains: 


Vitamin A 10,000 USP Units 
Vitamin D.............. 2,000 USP Units 
Natural mixed 3 MQ. 


Thiamine MQ. 
Pyridoxine 1.6 mg. 


No refrigeration necessary. No expiration dating required. 


Infants receiving Vitamins A, C and D plus the B com- 
plex showed weight increases 20% to 50% greater 
than those receiving Vitamins A, D and C alone.! 


In Bottles of 15 and 30 cc. with 
especially calibrated dropper. Dos- 
age: %4 to 1 cc. according to age. 


OL-VITUM® CAPSULES are also available 


International Vitamin Division IVES-CAMERON COMPANY, INC., New York 16, N. Y. 


1. Kasdon, S. C., and Cornell, E. L.: Am. J. Obstet. & Gynec. 56:853 (Nov.) 1948. 
*Equivalent (by biological assay) to 1.5 mg. d, Alpha Tocopherol 


or 
a 
Sip 
DROPS 
® 
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for complications following 


Acute Infections in Childhood 


Now is the season for children to enter 
upon their scholastic labors, and in most 
communities to receive either primary, or 
booster, immunization against several of 
the common childhood infections. Reliance 
must be placed upon antibiotics to control 
the secondary invaders which may follow 
these infections. Pediatricians are increas- 
ingly turning to aureomycin for this pur- 
pose, because of its wide range of activity 
against the common Gram-positive and 
Gram-negative organisms. 


Aureomycin is also indicated for the 
control of the following infections: 

Acute amebiasis, bacterial infections as- 
sociated with virus influenza, bacterial and 
virus-like infections of the eye, bacteroides 


septicemia, boutonneuse fever, brucellosis, 
chancroid, Friedlander infections (Kleb- 
siella pneumonia), gonorrhea (resistant), 
Gram-negative infections (including those 
caused by some of the coli-aerogenes group), 
Gram-positive infections (including those 
caused by streptococci, staphylococci, and 
pneumococci), granuloma inguinale, H. in- 
fluenzae infections, lymphogranuloma vene- 
reum, peritonitis, pertussis infections (acute 
and subacute), primary atypical pneu- 
monia, psittacosis (parrot fever), Q fever, 
rickettsialpox, Rocky Mountain spotted 
fever, sinusitis, subacute bacterial endocar- 
ditis resistant to penicillin, surgical infec- 
tions, tick-bite fever (African), tularemia, 
typhus and the common infections of the 
uterus and adnexa. 


Capsules: Bottles of 25, 50 mg. each capsule. Bottles of 16, 250 mg. each capsule. 
Ophthalmic: Vials of 25 mg. with dropper; solution prepared by adding 5 cc. of distilled water. 


LEDERLE LABORATORIES DIVISION ameascaw Ganamid company 30 Rockefeller Plaza, New York 20, N.Y. 
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To safeguard hypertensive, diabetic and certain other 
patients, RUCON KAPSEALS afford strategic and safe 
prophylaxis against capillary bleeding. The ever- 
present threat of vascular accident is minimized by 
combatting increased capillary fragility. 


RUCON KAPSEALS give three-fold protection to pa- 
tients with increased capillary fragility associated 
with hypertension, diabetes mellitus, pulmonary hem- 
orrhage, retinal hemorrhage, hereditary hemor- 
rhagic telangiectasia, thiocyanate therapy, ascorbic 
acid deficiency and drug sensitivity. Rutin increases 
capillary strength, vitamin C maintains intercellular 
substance and integrity of capillary endothelium, and 
calcium aids the coagulation process.: 


Each RUCON 
Kapseal contains: 


Rutin 100 mg. 
Vitamin C (Ascorbic Acid) ........100 mg. 
Dicalcium Phosphate Anhydrous 400 mg. 


DOSAGE: One RUCON Kapseal daily mey be given initially, to be increased in accordance with 
therapeutic requirements. In some patients dosages of 300 mg. daily of rutin (8 RUCON Kapseals) 
may be required to secure adequate response. The Géthlin Petechial Index, determined prior to 


instituting therapy and repeated frequently during treatment, may be helpful as a guide to therapy. 


RUCON Kapseals are supplied in bottles of 100. 
*Trade Mark 
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Therapeutic action is additive, but the total urinary solubility of two 
sulfonamides is significantly greater than that of either alone. 

Aldiazol-M, a dual sulfonamide, contains both sulfadiazine and sulfamerazine 
in microcrystalline form, and the alkalizing salt, sodium citrate. Aldiazol-M in- 
creases the field of useful application of sulfonamide therapy because: 


Blood levels are produced more rapidly. The microcrystalline form of the sulfa 
drugs is absorbed more quickly, leading to higher initial levels. 


Hazard of renal complications is reduced. Because of the greater solubility of dual 
sulfonamide mixture, urinary precipitation is prevented, virtually eliminating crystalluria. 


Greater therapeutic efficacy is obtained. Aldiazol-M can be given safely in ade- 
quate dosage, and effective blood levels maintained in adults on a dosage of 2 teaspoonfuls 
every four hours. 


Widely indicated. Aldiazol-M is indicated whenever the specific actions of sulfadiazine 
and sulfamerazine are required. It is valuable not only in adults, but also in the treatment 
of many infectious diseases in children. 

Aldiazol-M is available on prescription through all pharmacies. Write for literature. 


THE S. E. MASSENGILL COMPANY 
Bristol, Tenn.-Va. CO. 


NEW YORK e SAN FRANCISCO e KANSAS CITY 


Each teaspoonful (5 cc.) of 
Aldiazol-M provides: 
Sulfadiazine 
(microcrystalline). ..0.25 Gm. 
Sulfamerazine 
(microcrystalline). ..0.25 Gm. 


Sodium Citrate....... 1.0 Gm. 
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“develop. Con- 

Veriloid has been hypertension, severe 
essential hypertension, and in ‘niillddate elevation of the blood pressure. 
It is available on prescription through all pharmacies in slow dissolving 


tablets containing 1.0 mg. in bottles of 100 and 200. 


*Trade Mark Riker Laboratories, Inc. 


RIKER LABORATORIES, INC., 8480 BEVERLY BLVD., LOS ANGELES 


BIOLOGICALLY STANDARDIZED FOR HYPOTENSIVE POTENCY IN MAMMALS 
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peptomatic digestional aid 
tablet form 


By developing an entirely new type of enzymatic carrier, literally 
“a tablet within a tablet,” Robins now makes available a 
triple-enzyme digestant—Entozyme. I: one small specially 
constructed tablet, Entozyme “packs” pepsin, pancreatin and bile 
salts—in such a way that they are released only at the gastro- 
intestinal level of optimal activity. Thus Entozyme greatly 
simplifies and makes more effective the treatment of complex 
digestive disturbances of the gastro-intestinal tract. Clinical 
studies!:?3 have demonstrated the value of Entozyme in such 
conditions as chronic cholecystitis, chronic duodenal ulcer, 

acute and chronic pancreatitis and certain postoperative 
syndromes of the gastro-intestinal tract—in relieving nausea, 
belching, distention, anorexia, food intolerance, etc. 


FORMULA: Each specially constructed tablet contains Pancreatin, 
U.S.P., 300 mg.; Pepsin, N.F., 250 mg.; Bile Salts, 150 mg. Sie 


DOSAGE: One or two tablets after each meal, or as directed 
by physician, without crushing or chewing. 
The “Peptomatic” Tablet 


Releases pepsin in the stomach 


AVAILABLE: Bottles of 25 and 100. 


REFERENCES: 

1. Kammandel, N. et al.: Awaiting publication. 

2. McGavack, T. H. and Klotz, S. D.: Bull. Flower Fifth Ave. Hosp., 
9:61, 1946. 

3. Weissberg, J., McGavack, T. H. and Boyd, Linn J.: Am. J. Digest. 
Dis., 15:332, 1948. 


A. H. ROBINS CO., INC. - RICHMOND 20, VA. 
Ethical eee 4 of Merit since 1878 


Releases pancreatin and bile salts 
in the small intestine 


*The “Peptomatic” Tablet — 


a coined word to describe the unique 
mechanical action of Entozyme Tablet. 
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Sw, 
: 


100 
TABLETS 


ENTOZYME 


TRADE MARK 


ADULT DOSE: 1 or 2 tablets alter 
Meal or as directed by physician. T? 
‘allowed whole with water. 

Not to be chewed or crushed. 


AH ROBINS CO. INC 
RICHMOND 


The secret of digestional aid 
is in the tablet’s construction 


Y “My 


AT LOWER COST 
-Entozyme has been reduced below 
original list prices; 
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Efficient 
absorption 
de makes 
the 


difference 


To insure retention of effective amounts of iron for 
rapid and complete clinical response, GLUFERATE 
Tablets provide: 

Iron—as ferrous sulfate, effective in smaller doses 
than most other therapeutic forms of iron; and 
Glutamic acid hydrochloride—which promotes effi- 
cient absorption of iron, corrects hypoacidity, and 
minimizes gastric distress. 


For quick benefit and comfort for your patients, 
specify 

GLUFERATE—Ferrous Sulfate and Glutamic Acid Hy- 
drochloride Wyeth. Supplied: Bottles of 100. 


Wipeth Incorporated e Philadelphia 3, Pa. Wyeth 
® 
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19 
more physicians are satisfied 


The development of the improved Biolac supplies a long-sought need in infant 
nutrition. To accomplish this, Borden scientists surveyed our present nutritional 
knowledge. They then tested more than 500 formulations. Having decided on the formula 
that would best supply the normal infant’s nutritional requirements in their most 
assimilable form, a modern plant was constructed in 1949 so that the new formula could 
also benefit from the most up-to-date techniques and control in processing equipment. 
A Biolac formula that is both new and improved is thus made available. 


Biolac is intended for prescription by every physician with infants among his patients. 
It satisfies the physician’s demand for a complete food to which only vitamin C need 
be added. That means it is simplicity itself to prepare and provides the maximum 


in formula safety for the infant. 


And yet, for all these advantages, Biolac costs no more. 


For up-to-date, complete 


infant nutrition, prescribe new improved 


®) 
i | C a development of 


The Prescription Products Division 


The Borden Company 


Ingredients: skim milk, dextrins-maltose-dextrose, lactose, coconut oil, destearinated 
beef fat, lecithin, sodium alginate, disodium phosphate, ferric citrate, vitamin B,, 
concentrate of vitamins A and D from fish liver oils, and water. 

Homogenized and sterilized. 


Dilution: one fluid ounce to one and a half ounces of boiled water for each pound 
of body weight. 


Biolac is available at drugstores in 13 fluid ounce tins. 


The Borden Company, Prescription Products Division, 350 Madison Avenue, New York 17 
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Therapeutic penicillin Lesage 
iy EASY, PLEASANT with 


DROP-CILLIN 

50,000 UNITS” IN A DROPPERFUL 
covitaim ing. 600,000 uni, 


“DRAM-CILLIN 


100,000 UNITS* IN A TEASPOONFUL 


un 60cc. bottte 


coxtaining 200,000 un. 
Both 
vanilla, 


* BUFFERED PENICILLIN 
G POTASSIUM 


WHITE LABORATORIES, INC, 
Pharmacevtical Manutacturers, Newark 7, N.J. 
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Available in Capsules, 0.25 Gm.—Tab- 
lets, 0.5 Gm.— Powder, 1 Gm. Packets. 


1. Weiss, S., et al.: Rev. Gastroenter- 
ology 16:501-509 (June) 1949. 


Literature and samples available. 


More than 

Half a Century 

of Service 

to the Medical Profession 


The National Drug Company 
Philadelphia 44, Pa. 


Resinat, pepsin inactivator and antacid, 
brings quick relief of pain and speeds 
healing of peptic ulcer. 


Weiss, S., et al.,! used Resinat in 

the treatment of 120 ulcer patients. 
These investigators report 
“symptomatic relief occurred within 
48-72 hours and x-ray follow-up 
showed regression of ulcer crater 

in two to four weeks.” 


Resinat is insoluble, chemically and 
physiologically inert. It does not remove 
chlorides, phosphates, vitamins or minerals 
from the body. It does not alkalinize the 
system or cause acid rebound. 

Resinat inactivates pepsin and neutralizes 
excess gastric acidity. 


Resinat Patent Pending 
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The patient describes his d e p re S S ©] Nn: 


“| have lost interest in everything—l have no ambition any more— 
everything seems futile—I feel frustrated and lonely— 

I can’t remember or concentrate—I am all slowed up.” 

Washburne, A.C.: Ann. Int. Med. 32:265, 1950. 


For such a patient ‘Dexedrine’ Sulfate is of unequalled value. 
Its uniquely “smooth” antidepressant effect restores 

mental alertness and optimism, induces a feeling of energy 
and well-being—and thus has the happy effect of once again 
reviving the patient’s interest in life and living. 


Smith, Kline & French Laboratories, Philadelphia 


Dexedrine Sulfate 


*T.M. Reg. U.S. Pat. Off. 
the antidepressant of choice 
tablets 
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— SIMPLE 


Until there are mechanical means for winding- 
up the failing heart .. . consider this: 
Nativelle isolated Digitaline to minimize 

the disadvantages of whole leaf. He 

replaced variable results with the 

predictable effects of dosage by weight. 
Digitaline Nativelle digitalizes in a few 
hours and maintains the maximum efficiency 
obtainable. This maintenance is positive! 


Complete absorption and a uniform 

rate of dissipation provide full digitalis 
effect between doses. Elimination of crude 
substances virtually eliminates side effects. 


Digitaline Nativelle 


Chief active principle of digitalis purpurea (digttoxin) 


Ease of Administration 
RAPID DIGITALIZATION: 1.2 mg. in equally divided doses of 0.6 mg. at three-hour intervals. 
MAINTENANCE: 0.1 or 0.2 mg. daily depending upon patient’s response. 
CHANGE-OVER: Prescribe 0.1 or 0.2 mg. of Digitaiine Nativelle to replace maintenance doses of 0.1 gm. or 0.2 gm. of whole leaf. 


Send for new brochure “Modern Digitalis Therapy” Varick Pharmacal Co. Inc. (Division of E. Fougera & Co. Inc.) 75 Varick St., New York. 
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One of a series of reports on 


Key to a New Era in Medical Science 


THE CLINICAL RESPONSE 
In RHEUMATOID ARTHRITIS 
And Its VARIANTS 


Among the conditions in which Cortone has 
produced striking clinical improvement are: 


RHEUMATOID ARTHRITIS and Related 


Rheumatic Diseases 
ACUTE RHEUMATIC FEVER 
BRONCHIAL ASTHMA 


EYE DISEASES, Including Nonspecific Iritis, 
Iridocyclitis, Uveitis, and Sympathetic 
Ophthalmia 


SKIN DISORDERS, Notably Pemphigus, 
Angioneurotic Edema, Atopic Dermatitis, 
and Exfoliative Dermatitis, Including 
Cases Secondary to Drug Reactions. 


CORTONE is available for use in hospitals 
having facilities for required laboratory 
studies, and also for use in nonhospitalized 
cases followi ‘ing initial therapy in such hos- 
puals. These hospitals can supply physi- 
cians’ requirements for Cortone. 


MERCK «& CO., INC. 
Manufacturing Chemists 


RAHWAY, NEW 


7 rade-mark & Co., Inc, 
for its brand of cortisone, 


Tue usual pattern of response to CORTONE 
begins with diminution in subjective stiffness, com- 
monly within 24 to 48 hours, but sometimes within 
6 hours after the initial dose. In many cases this 
symptom is significantly or completely relieved with- 
in a few days. Next, articular tenderness and pain 
on motion decrease. Finally, swellings of the joints 
diminish, sometimes fairly rapidly and completely, 
but occasionally more slowly and incompletely. 


In many patients, mild soft-tissue deformities of 
the knees or elbows have disappeared within 7 to 10 
days. An increase in muscle strength has been re- 
ported. The extent of return to normal has been 
limited, as must be expected, by the degree of per- 
manent pathologic change present. 


Appetite usually improves rapidly, and many pa- 
tients have described a loss of the feeling of malaise 
associated with the disease and have experienced a 
sense of well-being, occasionally within several hours 
after initial administration of the drug. 


When treatment with CorRTONE is discontinued, 
signs and symptoms may begin to reappear within 
24 to 48 hours, becoming gradually worse during the 
following 2 to 4 weeks. The degree of relapse varies, 
and is apparently unrelated to the duration of treat- 
ment. In some patients, however, the greater part of 
the remission has persisted for as long as several 
weeks or months. If CorTONE is re-administered 
when manifestations of the disease return, prompt 
remission is again induced. 


ACETATE 
(CORTISONE Acetate Merck) 
(11-Dehydro-17-hy droxycorticosterone-21-Acetate) 
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ms may: 
given More salicylate therapy, 
articularly in cases resistant to the maintenance 
of blood levels requisite for clinical response. 
Each enteric-coated Pabalate Tablet, or each 
teaspoonful of the chocolate-flavored 
-. Pabalate Liquid, contains sodium salicylate, 
U.S.P. (5 gr.) 0.3 Gm.; para-aminobenzoic acid, 
as the sodium salt, (5 gr.) 0.8 Gm. 


antirheumatie 
| therapy 


1. Rosenblum, 
PABALATE and Preset, La 
: Proc. Soc. Exper. 
the dependable antirheumatic—available in both Biol. and Med., 65: 
178, 1947. 


tablets and liquid, for more convenient administration 


to patients of all ages! 2. Dry, T L., et al.: 


Proc. Staff Meetings 
Mayo Clin., 21: 

497, 1946. 
3. Belisle, M.: 

Union Med. Can., 77: 

392, 1948. 


Ss 
A. H. Robins Co.., Inc. : Richmond 20, Virginia 
ETHICAL PHARMACEUTICALS OF MERIT SINCE 1878 


& 


Unvaryingly optimal in the therapeutic activity of its 
natural belladonna alkaloids, Donnatal helps bring 
prompt relief in a wide range of visceral spastic con- 
ditions. Integral with these potent spasmolytic agents 
is a minimal phenobarbital content, affording practical 
sedation against psychogenic stimuli. Donnatal’s broad 
professional acceptance stems from its superior efficacy, 
notable economy, and more-than-marginal safety. 
Elixir Donnatal constitutes also a highly palatable 
therapeutic vehicle for adjuvant medication. Available 
in Tablets, Capsules, and Elixir. 

Formula: Each Tablet or Capsule, and each 5 cc. of 
Elixir contains: Hyoscyamine Sulfate, 0.1037 mg.; 
Atropine Sulfate, 0.0194 mg. ; Hyoscine Hydrobromide, 
0.0065 mg. ; Phenobarbital (14 gr.), 16.2 mg. 


rs 
ppobins 7 A. H. Robins Co., Inc. - Richmond 20, Virginia 


ETHICAL PHARMACEUTICALS OF MERIT SINCE 1878 
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greater fall 
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peripheral 
resistance 


Striking objective improvement, in the individual case, 

re effici can be obtained with veratrum viride Biologically 
more efficient Standardized in Craw Units, as available in VERA- 
TRITE and VERTAVIS. 


A Therapeutic Alternative 


diminution ~~ In mild and moderate hypertension (Grades | and Il), 
22% | which accounts for more than 70 per cent of all hyper- 
ee tensive cases, VERATRITE is the choice of therapy and 
cardiac size fe may be used routinely in everyday practice without 


undesirable side-effects. VERATRITE contains, in each 
tabule, veratrum viride (3 Craw Units) with sodium 
nitrite and phenobarbital. 


reversal of In severe, resistant hypertension (Grade Ill) and_hyper- 

tension complicated by cardiac failure, VERTAVIS can 

left ventricular effect dramatic response. Adequate supervision of the 

i patient and fine adjustment of dosage to the in- 

Strain patterns dividual case are essential. VERTAVIS is a single 

in the EKG agent, containing in each tablet veratrum viride (10 
Craw Units). 


Samples and literature on both VERATRITE and VER- 
TAVIS, including clinical reports, are available on 
request. 


| relief of 


: headache ~ for mild and moderate hypertension 


hemorrhages and ' for severe, resistant hypertension 


exudates in the 
_ optic fundi WIN, NEISLER & CO. * DECATUR, ILLINOIS 
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DICALOS SA ano 


A mineral nutritional supplement 
supplies those mineral deficiencies 
of greatest incidence. 


Six tablets or capsules daily supply 
Dicalcium Phosphate 25.50 grs., 
Calcium Gluconate 20.40 grs., Ex- 
siccated Ferrous Sulphate, U.S.P. 
8.04 grs., Vitamin D (Viosterol) 
2,000 U.S.P. units. 


Descriptive literature and specimens available 


Tablets and capsules in “Y/ 
bottles of 100 and 1,000 ATHATLC Oe 


(tablets in 200s also) NEWARK 1, NEW JERSEY 


for 
uick Action! 


in the Respiratory and Circulatory Emergencies 
of Intravenous Barbiturate Anesthesia 


inject 


| to 3 cc. and repeat 
intravenously, intramuscularly, subcutaneously 


Ampules i and 3 cc., 


tablets, solution, powder collapse following accidents or surgical trauma 


opiate and barbiturate depression - asphyxia 
- denarcotization after general anesthesia . 


circulatory and respiratory support in the emer- 
gencies of pneumonia - - - « 


A 


Metrarol, brand of pentamethylentetrazol, 
Trade Mark, reg. U. S. Pat. Off. 


BILHUBER-KNOLL re - .- ORANGE, NEW JERSEY 
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‘‘Premarin’’® Vaginal Cream is of value alone or 
as an adjunct to estrogenic therapy by other 
routes in the treatment of senile vulvovaginitis, 
pruritus vulvae, and kraurosis vulvae. 


“Premarin” Vaginal Cream incorporates conjugated estrogens 
(equine) in a non-liquefying base which ensures 

maintenance of consistency at normal body temperature. 

It is standardized in terms of the weight of active 


VAGINAL CREAM 


water-soluble estrogen content. The potency is declared 
in milligrams of conjugated estrogens (equine) 
expressed as sodium estrone sulfate. 


| For convenience, the combination package is recommended. 
: This package contains a 1/2 oz. tube of “Premarin” Vaginal 
Cream, No. 874 (0.625 per Gm.) together with a specially 
designed dosage applicator which is calibrated in grams 

to indicate the quantity of cream administered. 

The 11/2 oz. tube of “Premarin” Vaginal Cream is also 
supplied without applicator, as a refill. 


Also available for topical use 


ib “Premarin” Cream...in a non-greasy base... for use where 
the absence of oiliness is a desirable factor. 

No. 870, 0.625 mg. per Gm., jars containing 1 and 2 oz. 
No. 871, 1.25 mg. per Gm., jars containing 1 and 2 oz. 


“Premarin” Cream (Non-drying)...for use where 

a moist, soothing medium is required as 

a therapeutic vehicle (emollient base). 

No. 872, 0.625 mg. per Gm., jars containing 1 and 2 oz. 
No. 873, 1.25 mg. per Gm., jars containing 1 and 2 oz. 


Ayerst, McKenna & Harrison Limited 
5018 22 East 40th Street, New York 16,N. Y. 
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...released 


Whether or not the diverse etiology of tension may embrace 
emotional symptoms or smooth muscle spasm, HOMADONNA—the 
modern sedative-antispasmodic—has been formulated to meet 

the patient’s urgent need for prompt, safe relief. 

Prompt . . . because the spasmolytic agent of HOMADONNA has an 
action on gastric secretion and pyloric spasm comparable to atropine. 
Safe . . . because this antispasmodic, homatropine methylbromide 

is less than one thirtieth as toxic as atropine. Furthermore, 

in addition to allaying nervous tension, the sedative action 

of HOMADONNA serves to enhance its antispasmodic action. 

Your next case of pylorospasm, peptic ulcer, subacute gastritis, 
cardiospasm or spastic colitis will present a splendid opportunity to 
judge HoMADONNA in action. It is also suggested in the 

control and treatment of dysmenorrhea. 


SUPPLIED: 


HOMADONNA Euxir Each creased tablet or fluidram (4 cc.) of pal- 


in pint bottles. atable elixir contains: 


Phenobarbital . . . . Yagr. (16 mg.) 
HOMADONNA TABLETS Homatropine 
in bottles of 100, Methylbromide .. . 1/26gr. (2.5 mg.) 


500 and 1000. 


VANPELT & BROWN, INC. Pharmaceutical Chemists RICHMOND, 


VIRGINIA 
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palatable 


vitamin B-complex and ferrous sulfate 


These food factors, as combined in 

° Sharp & Dohme’s potent new antianemic 
check list preparation, HYoTOLE® Syrup, produce an 
exceptionally prompt hemopoietic response in 
all types of anemia (except pernicious anemia) 


to check A N EK M I A susceptible to oral treatment: 


1 fl. oz. (30 cc.) HYOTOLE Syrup Provides 


HyYoTOLE Syrup is pleasantly flavored and 
particularly acceptable to children, as well as 

to obstetric and geriatric patients. It is especially 
indicated in nutritional anemias. Supplied in 
Spasaver® pints, and in gallon bottles. 

i Sharp & Dohme, Philadelphia 1, Pa. 
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Comparative studies on various antihistaminics demonstrate: 
NEOHETRAMINE is less toxic — extra safety more than com- 
pensates for larger doses that may be required for optimum 
results. For this reason, more and more physicians rely on 


HYDROCHLORIDE 
as their first choice in antihistaminic therapy. 
TABLETS: 25 mg., 50 mg., 100 mg. Neohetramine is the registered trademark 
: m of the Nepera Chemical Co., Inc., for its 
SYRUP: 6.25 mg. per cc.; bottles of 1 pint. brand of thonzylamine—N, N-dimethyl- 
For Allergic Dermatoses—NEOQHETRAMINE N’ p-methoxybenzyl-N’ (2-pyrimidyl) 
CREAM, 2%; in 1 oz. tubes. ethylenediamine. 


Wyeth Wyeth Incorporated « Philadelphia 3, Pa. 
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PREVENTIVE MEDICINE 
and PUBLIC HEALTH 


This book presents the point of view that medicine is a social science. The 
author stresses the important function of the private physician with regard 
to the public’s health and shows how his work is linked with the public 
health agency. Included are sections on such subjects as Bio-Statistics; Pro- 
motion of Child Health; Social and Economic Factors and Their Influence 
Upon Diseases, etc. 


Wilson G. Smillie, A.B., M.D., Dr. P.H., 1946, 607 pp., $6.00. 


PUBLIC HEALTH ADMINISTRATION 
in the UNITED STATES, 3rd ed. 


This is a source book of prevailing and recommended principles and practices in 
public health administration. It offers the latest information on the administrative 
control of communicable diseases, basic activities of a health organization, and 
public health programs. This latest edition takes into account the increasing knowl- 
edge of epidemiology which has made possible more precise control measures. 


Wilson G. Smillie, A.B., M.D., Dr.P.H., 1947, illus., 637 pp., $6.50. 


SYPHILIS: ITS COURSE AND MANAGEMENT 


Here, compiled for the first time in book form, are the basic facts regarding the 
rapid treatment of syphilis. The general practitioner is shown how he himself can 
successfully handle syphilis therapy. Consideration is given to all the factors in- 
volved in penicillin therapy—chemistry of penicillin, species, dosage, reactions, 
methods of administration, and time needed for effective treatment. 


Evan W. Thomas, M.D., 317 pp., illus., $5.50. 


THE MACMILLAN COMPANY vy. 
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any form of epilepsy may now be treated 
ah i safely with a single anticonvulsant 


col 


No longer is it necessary to run the risk of bring- 
ing a second type of seizure into prominence 


by the selection of a limited anticonvulsant. 


‘Thiantoin Sodium’ is a more widely useful anti- 
epileptic and is far safer than related drugs of 
comparable potency. Many resistant cases are 
controlled with doses which have been elevated 


safely to levels that were previously unattainable. 


Not only are there fewer side-effects, but there 
| is often striking improvement of mental function 
in epileptic patients who receive ‘Thiantoin 


Sodium.’ 


ELI LILLY AND COMPANY © INDIANAPOLIS 6, INDIANA, U.S.A. 


Complete literature on ‘'Thiantoin Sodium’ is 
available from your Lilly medical service repre- 
sentative or will be forwarded upon request. 
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Editorial 
The Function of the Plasma Cell 


LASMA cells have attracted much at- 

tention since their morphology was 

precisely defined by Marschalk6é in 
1895. They are not found in the embryo 
but after birth appear in some presumably 
normal interstitial, lymphoid and glandular 
tissues. Not prominent in the _ histologic 
picture of most acute inflammations, they 
accumulate as a part of the cellular reaction 
to a wide variety of subacute and chronic 
infections and as a consequence of some 
supposedly hypersensitive states. They may 
be seen in and about benign tumors and in 
the connective tissue stroma of cancer. In 
the condition usually called multiple mye- 
loma, plasmacytes or cells closely resembling 
them may form single or numerous tumors 
in the bone marrow or as myelomatosis 
with or without tumors may be widely 
scattered in the bone marrow and other 
tissues of the body. Occasionally they may 
accumulate in the circulating blood in 
numbers sufficient to suggest a plasma cell 
leukemia. 

For many years interest in the plasma 
cells was focussed almost entirely upon their 
morphology and distribution with only the 
most casual attention to their functional 
significance. ‘The association of Bence Jones 
proteinuria with multiple myeloma was, 
however, the occasion of increasing com- 
ment and led eventually to the suggestion 
by Magnus-Levy and others that plasma 
cells might actually be responsible for the 
production of abnormal proteins. In the 
meantime, clinical estimation of serum 
proteins revealed that many abnormal 
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globulins quite distinct from those of the 
Bence Jones group are present in cases of 
multiple myeloma and also that hyper- 
globulinemia is frequent in kala-azar, lym- 
phogranuloma venereum and other con- 
ditions in which plasma cell proliferation is 
obtrusive. A possible relationship between 
the two phemonena became apparent to 
several observers almost simultaneously but 
was stated most clearly by Bing and Plum! 
who suggested “‘that a comparison of the 
various affections in which hyperglobuline- 
mia is found show as a common feature an 
augmentation of plasma cells and other 
cells belonging to the reticuloendothelial 
system.”’ Since 1937 when this statement 
was made numerous observations have ac- 
cumulated to substantiate the coincidence 
and to lend support to the thesis that some 
or all of the abnormal proteins of myeloma 
and other clinical conditions characterized 
by hyperglobulinemia are produced by 
plasmacytes or their immediate precursors. 
They have also suggested the idea that 
plasma cells might be implicated in the for- 
mation of immune globulins or antibodies. 
Clinical evidence concerning the partici- 
pation of plasma cells in immunity must 
be regarded as only circumstantial. It 
rests chiefly on their frequent presence in 
subacute and chronic infections, their ap- 
pearance in the circulating blood of patients 
with rubella, rubeola and other exanthemas 
and their demonstration in isolated in- 
stances of serum sickness, sulfadiazine poi- 


! Binc, J. and Pium, P. Serum proteins in leukopenia. 
Acta med. Scandinav., 92: 415, 1937. 
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soning and other conditions ascribed to 
hypersensitization. 

Evidence from animal experimentation, 
however, appears to be more convincing. 
For the most part, it has consisted of com- 
bined cytologic and immunologic studies 
following induction of the anamnestic re- 
sponse in rabbits and other animals by 
repeated injections of a wide variety of 
antigens which have included horse serum, 
typhoid vaccine, pneumococcus vaccine, 
streptococcus viridans, organisms of the 
salmonella group and Bacillus abortus. 
Among the outstanding contributions have 
been those of Bjgrneboe, Gormsen and 
Lundquist,” Kolouch, Good and Campbell? 
and Fagraeus* whose illuminating mono- 
graph offers a summary review of the 
problem. Although varying somewhat in 
scope and method, all of these experiments 
have exhibited with continuing injection 
of antigen both a rising titer of antibody 
and a widespread and often very large 
accumulation of plasmacytes. Careful cyto- 
logic studies at successive stages in the 
development of immunity have revealed 
cells in various phases, from those closely 
simulating reticulum cells and young lym- 
phocytes to the adult or Marschalko type 
of plasma cell. Although at present there 
is no agreement as to the stage at which 
antibody production is maximal, there can 
be little doubt as to the coincidence of 
plasmacyte response and the development 
of immune proteins. 

Consideration of this evidence naturally 
raises the question of the relationship of 
gross hyperglobulinemia encountered in 
subacute and chronic infections, and states 
of hypersensitization to immunity and 
specific antibody response such as has been 
demonstrated in the animal experiments. 


? BJORNEBOE, M., Gormsen, H. and Lunpguist, F. 
Further experimental studies on the role of plasma cells 
as antibody producers. 7. Immunol., 55: 121, 1947. 

KoLoucn, F., Goop, R. A. and B. The 
reticuloendothelial origin of bone marrow plasma cells in 
hypersensitive states. 7. Lab. & Clin. Med., 32: 749, 1947. 

* Facragus, A. Antibody formation in relation to the 
development of plasma cells. Acta med. Scandinav., Suppl., 
204: 1, 1948. 
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Could it be that abnormal globulins of such 
conditions as kala-azar, lupus erythemato- 
sus, Boeck’s sarcoid and lymphogranuloma 
venereum are antibodies produced by 
plasma cells in response to the individual 
antigens of each particular disease? The 
question may be raised even in relation to 
multiple myeloma. Is it possible that many 
of the cases of diffuse myelomatosis, classi- 
fied in the literature as myeloma and re- 
garded as examples of malignant new 
growth, represent an immunologic response 
engendered by as yet unknown stimuli and 
characterized by an excessive plasma cell 
response and the production of sometimes 
huge amounts of immune globulins? Possi- 
ble examples of such myelomatoses are 
Carter’s case of persistently active trichinia- 
sis and Robertson’s cases® of sulfadiazine 
poisoning. In each instance the diffuse 
plasma cell infiltration was attributed 
initially to myelomatosis and only after 
further study to hypersensitization. 

The implication of the rapidly accumulat- 
ing clinical and experimental evidence is 
that the plasma cell possesses an important 
function in globulin formation the extent of 
which, however, is only outlined by existent 
data. At present it appears that plasma- 
cytes are not responsible for the production 
of normal serum globulins inasmuch as they 
fail to proliferate or accumulate during 
intensive and prolonged plasmaphoresis.* 
If, however, they are concerned both with 
the formation of antibodies and the pro- 
teins of clinical hyperproteinemia, the 
range of their activity is extremely varied. 
Relatively little is known of the exact 
nature of the abnormal globulins in chronic 
infections. In multiple myeloma alone, 
however, they may include the Bence Jones 
family of proteins, the cold-precipitable 
proteins or cryoglobulins and a large num- 
ber of substances possessing no outstanding 
peculiarities of temperature solubility but 


5 CarTER, J. R. Plasma cell hyperplasia and hyper- 
globulinemia in trichinosis. The duration of larviposi- 
tion. Am. 7. Path., 25: 309, 1949. 

6 ROBERTSON, Plasmacytosis and hyperglobulinemia 
associated with hypersensitivity reaction. A report of two 
cases studied postmortem. Am. 7. Med., 9: 315, 1950. 
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identifiable electrophoretically usually as 
gamma or beta globulins. 

In attempting to evaluate the function of 
plasma cells it must be emphasized that all 
of the rather alluring evidence concerning 
their participation in protein formation is 
as yet inferential and that no actual proof 
is at present available. Staining reactions 
for ribose nucleic acid’ and the use of ultra- 
violet photography* have indicated the 
ability of plasma cells to produce protein 
but have not established for the cells either 
an exclusive or a specific function. Ob- 
servations such as those of Barr, Reader 
and Wheeler® disclosing large deposits 
presumably of cryoglobulin within and 
about myeloma cells are only suggestive of 
production of the protein zm stu. Further- 
more, it should be stressed that although 


7 Dempsey, E. W. and WisLock1, G. B. Histochemical 
contributions to physiology. Physiol. Rev., 26: 1, 1946. 

8 OLHAGEN, B., THORELL, B and Wisinc, P. The 
endocellular nucleic acid distribution and plasma protein 
formation in myelomatosis. Scandinav. 7. Clin. @ Lab. 
Investigation, 1: 49, 1949. 

® Barr, D. P., READER, G. G. and WHEELER, C. E,. 
Studies of cryoglobulinemia. Ann. Int. Med., 32: 6, 1950. 
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recent observations tend to validate the 
function of plasma cells in the production of 
antibodies, they have neither actually dis- 
proven the earlier claims concerning the 
réle of the lymphocyte nor have they dissi- 
pated completely the confusion in identifi- 
cation and classification of immature cells 
in the bone marrow or other tissues. 

Even without definite proof of specific 
or exclusive function, however, the réle 
suggested for the plasma cell is so significant 
and the evidence of its reality so cogent that 
it cannot be ignored in the consideration of 
clinical states and the phenomena of im- 
munity. Much more precise information is 
needed concerning not only the identifica- 
tion and origin of the plasmacyte but also 
its proliferation and distribution in a great 
number of infections and hypersensitive 
states. Increasing knowledge of the nature 
of the vast number of proteins now included 
under the designations of hyperglobulinemia 
and antibody formation may be expected 
to shed new light on the problem. 

Davip P. Barr, M.D. 
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Clinical Studies 


Effect of Schedule of Administration on the 
Therapeutic Efficacy of Penicillin’ 


Importance of the Aggregate Time Penicillin Remains at 
Effectively Bactericidal Levels 


Harry EAGLE, M.D., RALPH FLEISCHMAN and ARLYNE D. MussELMAN 
Bethesda, Maryland 


T was shown in a previous report from 
this laboratory’ that when syphilitic 
rabbits were treated with penicillin in 

aqueous solution the total curative dose 
was strikingly reduced if the drug was given 
in multiple injections instead of being given 
in a single massive dose or in a few large 
doses. The interval between injections was 
also of major importance in determining the 
therapeutic outcome. Optimum results were 
obtained when sodium penicillin was given 
twice daily, and either a shorter or longer 
interval necessitated the administration of 
larger doses. In the light of these data and 
qualitatively similar preliminary results 
subsequently obtained in pneumococcal and 
streptococcal infections it was suggested? 
that the activity of penicillin was probably 
determined by the time for which the drug 
remained at effective concentrations, sup- 
plemented by the period for which organ- 
isms may continue to die after the penicillin 
itself has fallen to levels not bactericidal in 
vitro. Jawetz*' also found multiple injections 
to be more effective than a single injection 
in the treatment of a streptococcal infection 
in mice, and also stressed the importance of 
the interval between injections on the thera- 
peutic outcome; more recently, Schmidt, 
Walley and Larson” again found that multi- 
ple injections of sodium penicillin were 
therapeutically more effective than the 
same total dose given in a single injection. 


The latter workers suggested that relatively 
high plasma concentrations may have a 
beneficial effect either by prolonging the 
recovery period* ° or by effecting a greater 
localization of the drug in the bacteria. 

It was, however, subsequently reported 
by Zubrod* and by Gibson* that a single 
injection of aqueous penicillin was just as 
effective in the treatment of experimental 
mouse infections as that same amount of 
penicillin divided into multiple doses. The 
implication was that the total duration of 
effective penicillin levels was not of critical 
importance, in that a high concentration 
acting for a short time seemed just as ef- 
fective as a low concentration acting over a 
longer period. 

Additional data will be presented herein 
which are believed to reconcile some of the 
apparent discrepancies and to reinforce the 
thesis that the major determinant factor in 
the therapeutic activity in penicillin is the 
aggregate time, not necessarily continuous, 
for which the drug remains at bactericidal 
levels. Of importance also is the fact that 
after the concentration of penicillin has 
fallen below those effective levels the surviv- 
ing bacteria do not immediately recover 
from the toxic effects of the drug.”**° During 
this prolonged recovery period the damaged 
but still viable organisms of some species 
continue to die under the impact of the 
body’s defense mechanisms.®'* As will be 


* From the Section on Experimental Therapeutics, Laboratory of Infectious Diseases, National Institutes of Health, 
Bethesda, Md. 
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shown, this serves to decrease the time for 
which penicillin should be produced at 
effective levels. 


METHODS AND MATERIALS 


Mice were inoculated with Diplococcus pneu- 
moniae types I and III, and with group A and 
group B 8-hemolytic streptococci. The route of 
inoculation, number of organisms injected and 
the interval between inoculation and treatment 
are indicated in the tables. Rabbits were inocu- 
lated intramuscularly with the same strain of 
group $-hemolytic streptococcus. At varying 
intervals after inoculation the animals were 
treated with sodium penicillin G in aqueous 
solution injected intramuscularly either as a 
single injection or in multiple divided doses as 
indicated in the tables. The size of the inoculum 
was usually calibrated by a microscopic count 
of the original culture,’ with a simultaneous 
determination of the number of organisms per 
clump. This direct count was checked by plating 
out the dilution actually used for inoculation. 

Unless otherwise stated the cultures were 
used during the logarithmic phase of growth, 
after two to three hours’ incubation at 37°c. 
With such cultures one to ten organisms of the 
strains here used usually caused a fatal infection 
in mice. The group B strain of 6-hemolytic 
streptococcus caused a fatal infection of rabbits 
with an intramuscular inoculum of two organ- 
isms. Because of the large number of animals 
used in each type of infection it was not possible 
, to carry out all the experiments with a given 
ne organism on the same day. The experimental 
ie data summarized in each of the tables and 
figures are therefore a composite of a number 
of experiments carried out at different times. 
However, consistent results were obtained in 
repeat experiments with the same type of infec- 
tion treated on the same dosage regimen; and 
the grouping of the data is not considered to 
have affected the validity of the conclusions 
drawn. 

In Figures 1, 3 and 4 the curves relating to 
syphilitic infection in rabbits are based on pre- 
viously published data,! recalculated by the 
method of either Litchfield and Fertig or of 
Karber.* The curative doses of the amorphous 
penicillin in units/kg. have been expressed as 
mg./kg. on the assumption of 1,667 units/mg. 

It is a pleasure to acknowledge the advice and 
assistance of Mr. Nathan Mantel of the Office of 
the Statistical Coordinator, Division of Public 
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Health Methods, U. S. Public Health Service, 
in calculating from the experimental data the 
CD50 values of penicillin here reported, as well 
as the times for which those CD59 dosages had 
provided serum concentrations in excess of the 
minimal effective concentration. 


Rabbits Mice 
Slope | Serum Con- | Slope | Serum Con- 
Dosage Con- | centration at | Con- | centrations at 
mg. /kg stants | Zero-time* | stants Zero-time 
200 .86 329 
60 .50 63 1.21 84 
10 .44 9.5 1.60 20 
3:3 1.93 4.8 
1 .43 98 £382 1.8 
0.6 “52 56 


* This is an extrapolation for purposes of analysis with * 
no significance in terms of actual serum concentrations. 
Obviously, none of the penicillin had been absorbed from 
the site of injection at time 0. 


In Figure 2 the lines drawn in the figure were 
fitted by the least squares method to previously 
published data!’ relating the log of the median 
serum concentration to the time elapsed since 
the injection. In the calculation, each median 
value was weighted according to its standard 
error. The present figure includes additional 
data at dosages of 0.15 and 0.05 mg./kg., and 
one point (one-hour level after dose of 1 mg./kg.) 
has been modified in the light of additional data. 
All serum concentrations less than 0.08 micro- 
grams/cc. have been corrected for the inhibitory 
effect in the assay. The corrections for mouse 
serum proved to be significantly lower than 
those for human! or rabbit serum, the multi- 
plying factors averaging 1.9 for whole serum, 
1.45 for 1:2 serum and 1.19 for 1:4 serum. 

The slope constants of these fitted lines 
(change in log concentration per hour) and the 
zero-time intercept of these lines (micrograms 
per cc.) are listed above for both rabbits and 
mice. Only the mouse data are shown in the 
figure. The 0.05 line was fitted visually. 

These fitted lines permit an estimation of the 
average time for which the serum concentration 
of penicillin remains in excess of, e.g., 0.1 
micrograms/cc. after its injection at varying 
dosage. In Figure 5 these time estimates have 
been plotted against the amount of penicillin 
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injected, both scales being logarithmic. At 
dosages of penicillin high in relation to the 
serum concentration required, the latter rela- 
tionship proved to be approximately linear over 
a wide range of penicillin dosages. Least square 
lines were therefore fitted, using weights which 


probit relationships indicated in the tables, pro- 
visional estimates were made by Karber’s 
method” or, when indicated, by an adaptation 
of Karber’s method after Cornfield and Mantel.” 
(Graphic methods were used when this was not 
feasible.) These estimates were put through one 


TABLE I 
EFFECT OF THE SCHEDULE OF ADMINISTRATION ON THE THERAPEUTIC EFFICACY OF PENICILLIN 
IN MICE INOCULATED WITH PNEUMOCOCCI* 


: Proportion of Mice Dying When Treated with 
Penicillin Species Mg. /k Four Injecti I Is of 
fe g./kg. our Injections at Intervals o Intervals of 
+9 Single H 
Injection 
ate 3 Hr. 6 Hr. 9 Hr. 24 Hr. 1 Hr. 3 Hr. 
512 4/20 
256 11/20 
ed 128 15/20 
+ 64 19/20 0/20 
32 17/20 4/20 1/20 5/20 
16 19/20 6/19 0/20 10/20 
8 20/20 9/20 | 1/20 3/20 14/20 
ik G 4 6/20 0/20 10/20 10/20 19/20 
if 2 | 16/20 3/20 | 8/20 11/20 18/20 
i; 1 | 12/20 5/20 18/20 13/20 19/20 1/15 3/20 
| 16/20 19/20 19/20 15/20 2/15 10/20 
4 | 22/30 | 18/20 20/20 13/15 17/20 
Ins 6 | 20/20 15/15 18/20 
Ye 12/12 
Se Slope Constantst + Standard 
Error 1.61 + 0.3 /0.73 + 0.16) 3.5 + 0.5 [2.35 + 0.4/1.61 + 0.23/1.62 + 0.23/4.24 + 0.69|2.61 + 0.49 
Dose Which Cured Half of 
Animals (CD50) t mg. /kg. 256 + 559 (14.24 4.9/3.4 + 0.50/10.3+ 1.8) 8.44+1.7| 64413 |3.8+0.53/3.6 + 0.58 
+ Std. Error 
512 3/10 
256 9/20 
128 11/20 
i: 64 17/20 
32 19/20 1/15 
Br 16 18/20 
> 19/20 3/15 
{ x 4 20/20 7/15 0/15 
ite 2 5/15 3/15 
+. 1 9/15 0/15 5/15 1/15 1/20 
10/15 0/15 10/15 1/15 4/20 
8/15 12/15 12/15 2/15 11/20 
teas 6 13/15 | 14/15 15/15 5/15 19/20 
Ye 13/15 15/15 11/12 
pe Slope Constantst + Std. | 
Error | 1.48 + 0.26] 14+ 0.24 |4.16+ 1.21 1.32 + 0.27 2.15 + 0.56) 2.52 + 0.4 
Bowes Dose Which Cured Half of | 
Animals (CDso) mg. /kg. + | 
ee Std. Error | 197+ 49 | 4.44 1.7 |1.0 + 0.22 3.3 + 0.96 1.1 + 0.25}1.9 + 0.32 


[es * Mice were inoculated intraperitoneally with Diplococcus pneumoniae type I (0.2 cc. of a 1:200-1:500 dilution of an 18-24 hour culture at 
We 37°c., representing 10*-105 MLD). Intramuscular treatment with penicillin at the indicated dosage was begun two hours later. 

aed t Increase in probits of survivors for each tenfold increase in dosage. 

Pee t Calculated by method of Litchfield and Fertig. 


depended on the standard errors of the esti- 
mated “‘penicillin-times.” Separate and steeper 
lines were fitted for the lower dosages. In the 
mice data, there were small but significant de- 
partures from linearity, and in Table v1 the 
standard errors of the estimates made from these 
lines have been increased accordingly. 

Unless otherwise stated, “in calculating the 


or two cycles of computation of the maximum 
likelihood procedure, using the Cornfield- 
Mantel tables of weighted deviations and weight- 
ing coefficients. The standard errors indicated 
for the CD59 dosages have been increased to 
allow for significant values of chi-square where 
indicated. Where there were natural survivors 
in the absence of treatment (as with small num- 
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bers of organisms injected intramuscularly in 


283 
penicillin in type I and type III pneumo- 


mice), the empirical responses were first ad- 
justed by Abbott’s formula for the assumed rate 
of natural survivors (5 to 10 per cent). In such 
cases the Finney procedure and tables** were 
used in the calculations.’’® 


coccal infections in mice, group A strepto- 

coccal infections of mice and group B 

streptococcal infections of rabbits is shown 

in detail in Tables 1 to rv, respectively. The 
TABLE Il 

RELATIVE EFFICACY OF PENICILLIN WHEN ADMINISTERED IN SINGLE AND MULTIPLE INJECTIONS—RESULTS 


IN MICE INOCULATED INTRAMUSCULARLY WITH DIPLOCOCCUS PNEUMONIAE, TYPE III, AND TREATED 
IMMEDIATELY WITH AQUEOUS PENICILLIN G, INTRAMUSCULARLY 


Inoculum = 100 Inoculum = 10,000 Inoculum = 1,000,000 
Organisms * Organisms * Organisms * 
ao Proportion of Mice Which Died When Treated: 
mg./kg. 
By aSingle | | ByaSingle | | ByaSingle | Times 
Injection Injection Injection 
J Intervals J Intervals J Intervals 
1024 ft 0/10 
512 1/15 2/30 
256 2/30 6/30 
128 5/45 20/30 
64 14/30 21/30 0/10 
32 0/15 13/30 0/15 8/10 0/20 
16 1/15 1/30 22/40 3/30 5/20 
8 1/30 3/30 22/30 17/30 22/25 25/35 
4 7/20 10/30 18/20 13/15 24/30 
2 12/30 21/30 11/15 9/10 
1 20/30 23/30 13/15 
16 26/30 27/30 15/15 
\y 27 /30 13/15 
13/15 
Slope Constantst Std. 
Error 2.35 + 0.35 | 2.68 + 0.42 | 1.55 + 0.19 | 4.37 + 0.81 | 1.59 + 0.38]||| 2.79 + 0.46 
Dose Which Cured 
Half of Animals 
(CDs), mg. /kg.,§ 
+ Std. Error 1.99. | 45.5 8.9+0.9 106 + 29] 9421.1 


* The plate counts on the 0.2 cc. inocula (containing by microscopic count 100, 10,000 and 1,000,000 organisms) 
ranged from 70-148, 5300—14,600, and 730,000—020,000, averaging 110, 10,100 and 900,000, respectively. 

+ At larger doses a significant proportion of the mice died because of the primary toxicity of the penicillin. 

t Increase in probits of survivors for each tenfold increase in dosage. 

§ The mortality in control animals receiving 101, 10%, 104, and 10° organisms was 96/120, 102/127, 64/75 and 
28/28, respectively. In the groups receiving 10? and 104 organisms, the empirical response to treatment was adjusted 
‘by Abbott’s formula on the arbitrary assumption of 10 per cent natural survivors. In the controls 15 to 20 per cent of 
the mice actually survived; but significantly fewer animals, varying between 5 and 15 per cent, survived in those receiv- 
ing small doses of penicillin. 


X2 


|| A significant value of chi-square has been allowed for by multiplying the standard error by ad 


EXPERIMENTAL RESULTS 


Single versus Multiple Injections of Penicillin. 
The striking effect of the schedule of ad- 
ministration on the therapeutic efficacy of 
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degrees of freedom. 


results of all these experiments are sum- 
marized in Table v and most of these are 
shown graphically in Figure 1. Previously 
reported data in rabbit syphilis are also 
included in that figure. 
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In most of the experiments a relatively 
large number of bacteria were present in 
the infected animals at the time of treat- 
ment, either because a large number of 
bacteria (104-10") had been inoculated or 
because the long interval between inocula- 


to inoculation, the curative dose of peni- 
cillin was many times greater when the drug 
was given in a single injection than when 
given in divided doses. This is shown in 
Figure 1. In some experiments the differ- 
ence was as much as a hundred- to a thous- 


TABLE Il 


THE RELATIVE EFFICACY OF PENICILLIN G WHEN ADMINISTERED IN SINGLE AND MULTIPLE INJECTIONS 
TO MICE INOCULATED WITH STREPTOCOCCI* 


| | 


Inoculum = 100 Organismsf | 


Inoculum = 10,000 | Inoculum = 1,000,000 
Organisms ¢ | Organisms 


Total Dosage 
of Penicillin G, 


Proportion of Mice Which Died When Treated: 


mg. /kg. 
| 
_ With a Single | 4 Times at Aaa With a Single/4 Times at 3-hr.| With a Single |}4 Times at 3-hr. 
Injection Intervals Injection Intervals Injection Intervals 
512¢ | 1/13 | 
256 2/30 | 0/20 
128 | | 3/30 | 3/30 
64 12/45 | 11/30 0/10 
32 1/30 12/30 0/15 29/30 0/10 
16 4/30 17/30 16/20 
8 0/15 10/60 24/30 1/15 28/30 4/25 
4 1/30 14/60 25/30 6/45 1/35 
2 3/30 18/65 0/29 0/35 
1 5/45 20/60 | 0/30 7/35 
le 8/45 18/60 6/30 18/35 
\4 17/45 | 18/43 | 23/30 13/15 
le 25/30 18/30 29/30 15/15 
lie 27/30 14/15 15/15 | 
Slope Constants§ 
+ Std. Error 0.72 +0.1 2.05 + 0.494 | 1.3 + 0.16 |1.92 + 0.569) 2.6 + 0.714] 3.75 + 0.56 
Dose Which Cured | 
Half of Animals | 
(CD50) |! + Std. 
Error 0.35 + 0.088 | 0.26 + 0.0634) 22 + 3.85 | 0.43 + 0.159) 50.7 + 12.24] 0.53 + 0.05 


* Results in mice inoculated intramuscularly with Streptococcus pyogenes (C-203) and treated immediately with 
aqueous penicillin G, intramuscularly; composite of eight individual experiments carried out at different times. 

7 In eight individual experiments the plate counts on the 0.2 cc. inocula containing by microscopic count 100 
and 10,000 organisms ranged from 45-362 and from 7200—25,500, and averaged 138 and 14,200, respectively. 

t At doses larger than 1024 mg./kg. a significant proportion of the mice died because of the toxicity of the peni- 


cillin. 


§ Increase in probits of survivors for each tenfold increase in dosage. 

|| The mortality in the control animals receiving 10', 102, 104 and 10° organisms was 63/75, 79/93, 47/50 and 
42/42, respectively. The empirical response to treatment was adjusted by Abbott’s formula on the arbitrary assumption 
of 10 per cent natural survivors in those receiving 10? organisms and 5 per cent in those receiving 104. 


* Because of a significant value of chi-square, the standard error has been multiplied by \ 


tion and treatment had permitted the in- 
terim multiplication of the organisms. In 
every such experiment, with all the bacterial 
species tested, regardless of the route of 
inoculation or the time of treatment relative 


X2 
degrees of freedom 


andfold. Thus in mice inoculated with 10° 
group A B-hemolytic streptococci (‘Table m1) 
the single curative dose (CD50) was 51 mg./ 
kg.; divided into four injections at three-hour 
intervals the total curative dose was 0.53 
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mg. /kg. In type I pneumococcal infections 
of mice similarly treated (Table 1) the 
curative doses of penicillin G on the single- 
and multiple-dose schedules were 256 and 
3.4 mg. /kg., respectively; with penicillin X 
the corresponding curative doses were 197 


greater activity of multiple injections was 
observed in those experiments in which mice 
were inoculated with a small number of 
organisms highly susceptible to penicillin 
and were treated immediately thereafter 
(portions of Tables 1 and m dealing with 


TABLE IV 


EFFECT OF THE SCHEDULE OF ADMINISTRATION 


ON THE THERAPEUTIC EFFICACY OF PENICILLIN 


IN RABBITS INOCULATED WITH STREPTOCOCCI * 


Proportion of Rabbits Dying ft after Receiving Penicillin in Four 
Total Dosage of Penicillin, A Single Injections Repeated at Intervals of 
mg./kg. Injection 
1 Be. 3 Hr. 9 Hr. 24 Hr. 
512 0/4 
256 0/2 1/6 
128 0/6 2/6 
64 2/6 1/6 6/8 
32 5/6 1/6 0/2 4/8 
16 4/6 4/6 0/6 0/2 5/6 
8 6/6 5/6 1/6 0/6 4/4 
4 5/5 6/6 3/6 1/6 3/3 
2 2/6 2/6 
1 4/6 4/6 
be 6/6 6/6 
Slope Constants{ + Std. 
Error 2.83 + 0.81 1.05 2.04 + 0.61 3.27 + 0.97 £6.23 
Dosage Which Cured Half 
of Animals (CD50), 
mg./kg. + Std. Error 23.4.5 2.24 + 0.64 68.4 + 20.8 


* Results in rabbits inoculated intramuscularly with 2000 8-hemolytic streptococci (group B) and treated after 
six hours by the intramuscular injection of penicillin as indicated in the table. In twelve individual experiments the 
plate counts on the 0.5 cc. inocula containing 2000 organisms by microscopic count varied from 940-3240, averaging 


1650. 


t Every one of thirty control rabbits receiving 20-2000 organisms died, as did nineteen of twenty-four receiving 


an inoculum of 2 organisms. 


t Increase in probits of survivors for each tenfold increase in dosage. 


and 1 mg./kg. In syphilitic rabbits the 
curative dose (CD50) when injections were 
repeated fifty times at four-hour intervals 
had been previously’ shown to be a total of 
360 units/kg. compared with more than 
500,000 units /kg. when penicillin was given 
in a single injection. Further illustrating the 
greater efficacy of multiple injections of 
penicillin in these infections, dosages which 
cured more than 90 per cent of the animals 
when divided in multiple doses often failed 
to cure any when given in a single injection. 
This is shown graphically in the left hand 
portion of Figure 4. 

An apparent exception to the generally 
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inocula of 100 organisms, and the corre- 
sponding curves in Figure 1). Under these 
special circumstances a single dose of neni- 
cillin was just as effective as the same total 
amount of drug administered in divided 
doses, and in some experiments was even 
more effective. The explanation is believed 
to lie in the serum concentrations afforded 
by various doses of penicillin. (Fig. 2.) In- 
fections with large numbers of organisms 
have been shown to require a large single 
dose of penicillin in order to effect cure.° 
A single large dose of 60 mg./kg. of aque- 
ous penicillin G in mice provides serum con- 
centrations in excess of e.g. 0.1 micrograms / 
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cc. for approximately 2.4 hours. If this is 
now divided into six injections of 10 mg. /kg., 
each injection provides that level for an 
aggregate period of 6 X 1.45 = 8.6 hours; 
while twenty injections of 3 mg. /kg. each 
provide that level for 20 X 1.38 = 28 hours. 
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0.6 mg. /kg. in mice provides a serum con- 
centration in excess of 0.1 micrograms per 
cc. for an average period of 0.53 hours. If 
this is sub-divided into four doses of 0.15 
mg./kg. each, the serum concentration 
remains in excess of 0.1 micrograms per cc. 


DIPLOCOCCUS G-HEMOLYTIC DIPLOCOCCUS @-HEMOLYTIC TREPONEMA 
PNEUMONIAE (JIT) STREPTOCOCCUS (A) PNEUMONIAE (I) STREPTOCOCCUS (6) PALLIDUM 

ANIMAL HOST MICE MICE MICE RABBIT RABBIT 
ROUTE OF INOCULATION — INTRAMUSCULAR INTRAMUSCULAR INTRAPERITONEAL INTRAMUSCULAR INTRATESTICULAR 
SIZE OF INOCULUM AS INDICATED AS INDICATED 10000 & 2,000 wa 
aT ° 2 HOURS 6 HOURS 6 WEEKS 

200 

z 

3 100 

z | 

z 

50 

g 10% 
10 

: 

- 5 

2 

3 \ 

| iN 
os 

o2 

SINGLE 4 INJECTIONS SINGLE 4 INJECTIONS — SINGLE 4 INJECTIONS 20 INJECTIONS SO INJECTIONS 
INJECTION AT 3-HOUR INJECTION AT 3-HOUR INJECTION AT 3-4 HOUR AT 4-HOUR = AT: 4-HOUR 
INTERVALS INTERVALS INTERVALS INTERVALS = INTERVALS. 


Fic. 1. The relative therapeutic efficacy of single and multiple injections of aqueous penicillin G in 
a number of experimental infections; (50.7 in middle block (@) incorrectly plotted). 


In this instance subdivision of the penicillin 
into multiple injections provides effective 
concentrations for a longer aggregate period 
and the therapeutic activity is correspond- 
ingly greater. In contrast, with small inocula 
the provision of effective levels for an ex- 
tremely brief period suffices to kill all the 
organisms, and this has been shown to be 
accomplished by a relatively small single 
dose of penicillin.’ If this minimal dose is 
now sub-divided, one arrives at dosages so 
small that they provide effective concentra- 
tions of penicillin for only a relatively short 
period, and with further subdivision the 
individual dose may fail entirely to provide 
a therapeutic concentration. Thus a dose of 


for only 0.11 hours between injections to a 
total of 0.44 hours (Fig. 2); and when such 
small injections are repeated at intervals 
of six or nine hours, since penicillin remains 
at effective concentrations for only 0.11 
hours, there is ample opportunity for the 
organisms to recover and remultiply, vitiat- 
ing in large part the therapeutic effect of 
the preceding injection of penicillin (results 
with 0.15 and 0.6 mg. /kg. in Fig. 8.) 

The experiments of Zubrod* and of Gib- 
son,** who in contradiction to other in- 
vestigators?’”’?!?3 found that a single injec- 
tion of sodium penicillin was as effective as 
the same amount divided into multiple 
doses, also involved a relatively small inocu- 
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lum and a highly susceptible organism. 
Their results may perhaps be explained on 
the basis of the foregoing considerations. 

One would expect the same phenomenon 
even with organisms which require high 
concentrations of penicillin, provided that 
this high concentration need be main- 
tained for only a brief period in order to 
effect cure. A single large dose would now 
be more effective than multiple small doses 
which fail to provide the concentration 
necessary for the bactericidal effect. Pre- 
cisely this relationship has recently been 
reported by Miller, Wilmer and Verwey,”® 
working with S. typhosa infections in mice. 

Importance of the Time Interval between Injec- 
toons of Penicillin. As seen in Table v and 
in Figure 3 when with a fixed total number 
of penicillin injections the interval between 
them was progressively increased, the dosage 
necessary for cure at first decreased to reach 
a minimum but thereafter again increased. 
In type I pneumococcal infections of white 
mice (Table 1) when four injections of peni- 
cillin G were given at one-, three-, six-, 
nine- and twenty-four-hour intervals, the 
total curative doses were 14, 3.4, 10, 8.4, 
and 64 mg. /kg., respectively. In a group B 
streptococcal infection of rabbits (Table tv) 
when rabbits were treated four times at 
intervals of one, three, nine and twenty-four 
hours, the curative doses were 23, 2.2, 1.6 
and 68 mg./kg., respectively. Qualitatively 
similar results had previously been obtained 
in syphilitic infection of rabbits.’ When six- 
teen injections were repeated at one-, two-, 
four- eight- to sixteen-, twenty-four-hour 
and three- or four-day intervals the total 
curative doses* were > 38, 16, 2.6 (esti- 
mated), 1.0, 2.6, and >10 mg./kg., 
respectively.' 

The fact that too short or too long an 
interval between injections both operate to 
reduce the therapeutic efficacy of aqueous 
penicillin is further illustrated by the widely 
varying proportion of animals cured when 
penicillin was administered at the same 
total dose but on different schedules of 


* Re-calculated from experimental data! by methods 
of Karber and Litchfield and Fertig.*® 
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administration. (Fig. 4.) Thus when mice 
infected with Diplococcus pneumoniae type 
I were treated with four injections of peni- 
cillin at 2 mg. /kg. each, but at intervals of 
one, three, six, nine and twenty-four hours, 
the number of mice surviving in each ex- 
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Fic. 2. The serum concentrations of penicillin G in 
white mice after its intramuscular injection in aque- 
ous solution. (See page 281.) 


perimental group of twenty at first increased 
from four to seventeen and then decreased 
progressively from seventeen to twelve to 
nine to two. (Table 1.) In rabbits infected 
with a group B B-hemolytic streptococcus 
and treated with four injections of 2 mg. /kg. 
each, as the interval between injections was 
prolonged from one to three to nine to 
twenty-four hours, the proportion of ani- 
mals cured at first increased from 1/6 to 
5/6 to 6/6 and then fell to 0/4. (Table 
Iv.) It had previously been shown! that 
when syphilitic rabbits were treated six- 
teen times at a fixed dosage of 250 units 
(0.15 mg. /kg.) per injection, but at inter- 
vals of one, two and eight to sixteen 
hours, the proportion of animals cured at 
first increased from 0/5 to 2/5 to 7/7; with 
an interval of twenty-four hours the propor- 
tion of cures was 4 /5;! and when the interval 
between injections was further prolonged to 
four days, none of the ten animals tested at 
this dosage were cured."! 

These results are in qualitative agreement 
with those of Jawetz?' working with a group 
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TABLE V 
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EFFECT OF SCHEDULE OF PENICILLIN ADMINISTRATION ON ITS THERAPEUTIC EFFICACY IN PNEUMOCOCCAL 
AND STREPTOCOCCAL INFECTIONS—SUMMARY OF TABLES I TO Iv* 


| 
Organism Inoculated Host 
Species 
| 
Mouse 
Diplococcus 
pneumoniae 
Type Ill. .... Mouse * 
8-hemolytic streptococcus, 
group A (C-203)........| Mouse | 
6-hemolytic streptococcus, | 
Rabbit | 


| 


| 


| 


| 


No. of R f Age of 
Organisms I | Infec- 
tion 

10,000 Intraperi- 2 hr. 
toneal | 
100 | 0 hr. 

10,000 | Intramus- | 0 

1,000,000 cular 0 

100* | 24 

100 | Intramus- | 0 

10,000 cular | 0 

11,000,000 | 0 

2,000 | Intramus- | 6 
cular 


Curative Dose of Penicillin, mg./kg., When 
Penicillin was Administered in: 


10 In- 
4 Injections at jections at 
Intervals of Intervals 
Single of 
Injection 
1 3 |6| 9 | 24hr.} 1 | 3hr. 
G) 256 |14 |3.4 |10/8.4) 64 |3.8) 3.6 
X) 197 4.41.0 |. .|3.3 1.1) 1.9 
. (8.9 
106 . (9.4 
140 
22.0 
51 
40 23 |../1.6] 68 


* In addition, this table includes the results in an experiment in which mice were inoculated intramuscularly with 
100 type III pneumococci and treated with penicillin twenty-four hours later. 
All curative doses > 10 mg./kg. have here been rounded off to the nearest whole number. 
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TOTAL CURATIVE DOSE OF PENICILLIN G, MG./KG. 
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Fic. 3. The effect of the interval between injections on the curative dose of 
penicillin G in a number of experimental infections. 
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A streptococcal infection in mice, and 
Schmidt, Walley and Larson®* working 
with a type I pneumococcal infection in 
rats. The fact that the therapeutic efficacy 
of penicillin at first increases when the 
interval between injections is progressively 


289 


or completely vitiating the therapeutic 
effect of the preceding injection. 

As illustrated in Fig. 8 an appropriate 
increase in the dosage of penicillin counter- 
acts the harmful effect of too long an interval 
between injections, and by several different 


PENICILLIN ADMINISTRATION AT SAME TOTAL DOSAGE 


PERCENTAGE OF ANIMALS CURED ON VARYING SCHEDULES OF 


si = 6 
INJECTION 


MULTIPLE INJECTIONS, REPEATED 


TWICE 
DAILY 
AT INDICATED INTERVAL (HOURS) 


Fic. 4. The effect of the interval between injections on the proportion of animals 


cured by a given dosage of penicillin G. 


lengthened probably rests on two factors. 
In the first place, the total time for which 
penicillin remains at effective levels is there- 
by increased.* In addition, there is a 
material prolongation of the penicillin-free 
interval between injections during which 
the host defenses can, with some bacterial 
species, continue to dispose of organisms 
previously damaged by penicillin®'® and 
thus supplement the direct effect of the drug. 

With too long an interval between injec- 
tions, however, the bacteria which have 
been damaged but not yet killed by peni- 
cillin recover from the toxic effects of the 
drug, and resume multiplication at a nor- 
mal rate.®'® (Fig. 8.) The longer the time 
interval which then elapses before the 
following injection of penicillin, the greater 
is the degree of remultiplication, partially 

* If a dosage of aqueous penicillin capable of supply- 
ing an effective level against a given organism for a 
period of three hours is repeated at hourly intervals, it is 
apparent that eight such injections will provide effective 
levels for a total of (7 X 1) + 3 = 10 hours instead of 
8 X 3 = 24. Because of the rapid rate at which sodium 
penicillin disappears from the blood of mice (Fig. 2), the 


cumulative effect of the successive injections would be so 
slight as to be of negligible significance. 
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mechanisms: (1) because penicillin remains 
at effective levels for a longer period of time, 
more organisms are killed; (2) because of 
the longer exposure to penicillin, it then 
takes the surviving bacteria longer to re- 
cover from its toxic effects; (3) with a longer 
period of effective penicillin concentrations 
and a longer subsequent period of recovery 
the residual penicillin-free interval during 
which the bacteria can remultiply is signifi- 
cantly reduced; (4) because more bacteria 
had been killed by the larger dose, a smaller 
number of viable organisms is left to multi- 
ply in the penicillin-free interval. Under 
such circumstances the re-multiplication of 
a few surviving organisms for one, two or 
even four generations adds but little to the 
absolute number of organisms which remain 
in the host to be killed by the following 
injections of penicillin. 

Therapeutic Significance of the Aggregate Time 
Penicillin Remains at Effective Levels. The 
experimental results of the preceding section 
have been explained on the basis that the 
determinant factors in the therapeutic 
activity of penicillin are the total time for 
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which it remains at bactericidal levels, sup- 
plemented by the time for which, with some 
bacterial species, organisms damaged but 
not yet killed by the drug, continue to die 
under the impact of the host defense mecha- 
nisms even after the drug has disappeared. 
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dosage necessary to abort an intramuscular 
or intraperitoneal infection with a small 
number of organisms, and from that to 
estimate the minimum serum concentration 
which provides an effective level at the 
intramuscular or intraperitoneal focus. As 


10 T T T T 


IN EXCESS OF INDICATED LEVEL 


HOURS FOR WHICH SERUM PENICILLIN REMAINED 


j 


T T 10 


02 


i 


015 06 ' 3 
DOSAGE OF PENICILLIN, MG./KG. 


10 60 200 


Fic. 5. Time for which the serum penicillin level remains in excess of specified 
effective levels after the intramuscular injections of aqueous penicillin G in vari- 


ous dosages. (See page 281.) 


If this thesis is correct, although the cura- 
tive dose of penicillin in a given infection 
may vary to an extraordinary degree de- 
pending upon the method of its administra- 
tion, those widely disparate curative doses 
should have in common the fact that they 
provide effective levels against the particu- 
lar organism for approximately the same 
aggregate period of time, modified only by 
(1) the varying opportunity for host-par- 
ticipation during the penicillin-free interval 
between injections and (2) the possible re- 
multiplication of the organisms if that 
penicillin-free interval is unduly prolonged. 

The direct test of that thesis is not possible 
since the concentration of penicillin in the 
tissue fluids does not lend itself to direct 
measurement, and a further complication is 
introduced by the fact that the concentra- 
tions in different organs vary widely in both 
magnitude and duration.'* However, by 
using suspensions of procaine penicillin in 
peanut oil gelled with aluminum mono- 
stearate,‘ which provide well sustained 
serum levels of penicillin, it was possible to 
determine with reasonable accuracy the 


shown elsewhere’? these minimal effective 
serum concentrations in mice were approxi- 
mately 0.012 micrograms /cc. for the C-203 
strain of Streptococcus pyogenes inoculated 
intramuscularly, 0.05 micrograms /cc. for 
the type I Diplococcus pneumoniae here 
used, inoculated intraperitoneally, and 0.08 
micrograms /cc. for the type III pneumo- 
coccus inoculated intramuscularly. In rab- 
bits the effective serum concentration for 
the group B §-hemolytic streptococcus in- 
oculated intramuscularly was estimated at 
0.12 micrograms /cc. 

From Figure 2 and from similar data in 
rabbits’ there were obtained directly the 
times for which varying dosages of aqueous 
penicillin would provide serum concentra- 
tions in excess of these minimal effective 
levels. * These data are plotted in Figure 5. 


* In the bactericidal action of penicillin in vitro there 
is usually a narrow range between the wholly ineffective 
and the maximally effective concentrations within which 
the rate of bactericidal action increases strikingly with 
the concentration of the drug.!* Jn vivo, one would expect 
that within a correspondingly narrow range of concen- 
trations, the rate of bactericidal action would vary 
according to the concentration of penicillin in the tissue 
fluid. This relationship is, however, extremely difficult 


AMERICAN JOURNAL OF MEDICINE 


22 
3 
q 
4 
| 
6 
fe} 
4 Xx 4 
_ 
2 2 
wet 
shuld 
0. 
os 06 
4 
04 
: 
f 
$235 
4 
Bate 
~ 
rs 


Factors in Dosage Schedules of Penicillin—Eagle et al. 


Given the curative dose per injection in a 
particular infection, by interpolation on the 
appropriate curve in Figure 5 one could now 
estimate the time for which that dose had 
provided a serum concentration effective 
against the particular organism. The results 
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the absolute curative dose of penicillin 
according to the method of its administra- 
tion, those curative doses provided effective 
serum concentrations of penicillin for essen- 
tially the same total period of time. Figures 
6 and 7 show graphically the relative con- 


B-HEMOLYTIC 
STREPTOGOCCUS (B) 


TOTAL TIME FOR WHICH SERUM 
PENICILLIN REMAINED AT 
EFFECTIVE LEVEL, HOURS 
- YW aN @ 


A-HEMOLYTIC 
STREPTOCOCCUS (A) 


10 104 102 
ORGANISMS ORGANISMS ORGANISMS 


NW GAN @ 


A hen 
of 


40 


20 


TOTAL CURATIVE DOSE (CDs) 
OF PENICILLIN, 
MG./KG. 

° 


NO. OF INJECTIONS | 


INTERVAL BETWEEN _ , 
INJECTIONS, HOURS 


444 4 


3 9 24 


Fic. 6. The period of time penicillin remains at effective levels as the common 
denominator in equi-effective schedules of treatment, despite the side variations 
in the absolute curative dose. (Streptococcal infections in mice and rabbits, see 


Tables m1, 1v and v1.) 


of those calculations are given in the last 
two vertical columns of Table v1. 
In general, despite the wide variations in 


to demonstrate with aqueous penicillin in vivo. Because 
of the rapid rate at which the drug then disappears from 
the blood and tissues, it remains in this critical inter- 
mediate range for only a few minutes. The only indica- 
tion in the present experiments of a submaximal rate of 
bactericidal action was given by curve 0.15 in Figure 8. 
The penicillin times listed in Table vi are essentially the 
times for which the drug remained at the barely bac- 
tericidal level. However, because the difference be- 
tween that minimal effective concentration and that 
most rapidly bactericidal is usually no more than two- 
to three-fold,'* and because of the rapid rate at which 
penicillin disappears from the serum after its intramuscu- 
lar injection in aqueous solution, in most instances the 
times listed in the table are approximately equal to the 
times for which it remained at maximally effective con- 
centrations. This factor becomes significant, however, 
when the CDs dosage per injection is small; e.g., less 
than 1 mg. /kg. (Fig. 2.) In Table vi no attempt has been 
made to correct for this complication. 
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stancy of this time factor in a given infec- 
tion, no matter how the penicillin was ad- 
ministered and what the absolute curative 
dose. The significant departures from this 
constant ‘“‘penicillin time’? are themselves 
illuminating. 

The first section of Table v1 and of Figure 
6 deals with group B streptococcal infections 
of rabbits. In this infection the curative 
doses (CD50) on a single injection, and on 
four injections repeated at intervals of one, 
three, nine and twenty-four hours were 40, 
23, 2.2, 1.6 and 68 mg. /kg., respectively. 
These curative doses provided serum con- 
centrations in excess of the minimal effective 
level of 0.12 micrograms per cc. for a total 
of 5.2, 6.3, 5.0, 3.7 and 17.4 hours, re- 
spectively. It is to be noted that as the 
interval between injections was progres- 
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sively lengthened from one to three to nine 
hours the time for which penicillin had to 
remain at effective levels in order to effect 
cure decreased progressively from 6.3 to 
5.0 to 3.7. On the one-hour schedule of 
injections the penicillin serum concentration 


which penicillin itself had to act in order to 
effect cure on this intermittent schedule of 
administration with this particular organ- 
ism. However, when the interval between 
injections was further prolonged to twenty- 
four hours, the surviving organisms were 


DIPLOGOGCUS PNEUMONIAE (I) DIPLOCOCCUS PNEUMONIAE 
LARGE INOCULUM; 2-HOUR INFECTION 


EFFECTIVE LEVEL, HOURS 


TOTAL TIME FOR WHICH SERUM 
PENICILLIN REMAINED AT 


24-HOUR 106 104 102 
INFECTION ORGANISMS ORGANISMS ORGANISMS 


120 


100 


60 


60 


PENICILLIN (MG./KG.) 


40 


TOTAL CURATIVE DOSE (COgo) OF 


20 


NUMBER OF 
injections ' 4 10 4 10 4 4 


INTERVAL BETWEEN 
INJECTIONS, HOURS 


Fic. 7. The period of time penicillin remains at effective levels as the common 
denominator in equi-effective schedules of treatment, despite the wide variations 
in the absolute curative dose. (Pneumococcal infections in white mice, see Tables 


I, and v1.) 


never fell below the effective level; on the 
three-hour schedule the serum penicillin 
remained at the effective level for 1.25 hours 
after each injection, leaving a penicillin-free 
interval of approximately two hours; and 
on the nine-hour schedule penicillin was at 
the effective level for only 0.94 hours, leav- 
ing a penicillin-free interval of eight hours 
between injections. During these penicillin- 
free intervals the host was continuing to 
dispose of organisms damaged, but not 
killed, by the previous action of the drug*''® 
and was thus contributing to its therapeutic 
effect. This continuing disposal of the 
damaged streptococci before they could 
recover and resume multiplication’® is 
believed to explain the shorter time for 


given ample opportunity to recover and to 
remultiply. In consequence, larger doses 
of penicillin became necessary in order to 
eftect cure, which is the same as saying a 
longer aggregate exposure to the drug (seven- 
teen hours instead of the minimum of 3.7). 
The second section of Table vi and the 
first section of Figure 7 relates to the type I 
pneumococcal infection in white mice 
treated by eight different schedules in which 
the CD59 dosage of penicillin varied from 
256 to 3.4 mg. /kg. In the first seven sched- 
ules, at the CD50 dosage, the total time for 
which serum penicillin remained at the 
eftective level of 0.05 micrograms per cc. 
varied only between three to five hours, and 
in six of the schedules between 3.9 and 
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5.1 hours. This minor variation in part 
reflects the experimental errors in the 
determination of the CD50 dose of penicillin 
(Table 1), in the estimation of the effective 


degree to which the host contributes to the 
therapeutic action of penicillin on different 
schedules of treatment and (2) in the oppos- 
ing sense, the varying extent to which the 


TABLE VI 


AGGREGATE TIME FOR WHICH CURATIVE DOSES OF AQUEOUS PENICILLIN G PROVIDED EFFECTIVE SERUM 
CONCENTRATIONS OF PENICILLIN, CONSIDERED IN RELATION TO THE METHOD OF ADMINISTRATION 


for CD50 Dose 
etho P of Penicillin Provided 
of Penicillin (CD, ee Serum Concn. in Excess 
Effective Administration of Minimal Effective 
Serum Level * 
‘Type of Infection Concn. 
micrograms 
pr cc.* No. | Interval Durin 
of between Total Per Total” 
Injec- | Injections Injection Sti. Exre + Course of 
tions (hr.) Treatment 
Group B £-hemolytic streptococ- 1 39:3 5.24 + 0.83 
cus in rabbits treated with peni- 4 1 23.4 5: 13.2082 OM 6.3 
cillin 6 hr. after intramuscular 0.12 4 3 2.24 0.56 1.24 + 0.32 5.0 
inocculation with 2000 organ- 4 9 1.61 0.40 | 0.93 + 0.20 3.7 
isms (Table tv) 4 24 68.4 17 4.25 + 0.58 17 
Type I, pneumococcal infec- 1 256 256 4.4 +0.38 4.4 
tion in mice treated with 4 1 14.2 3.55 1.16 + 0.13 4.2 
penicillin 2 hr. after heavy 0.05 10 1 3.8 0.38 | 0.51 +0.05 5.1 
intraperitoneal inocula- 4 3 3.4 0.85 | 0.74 +0.05 a8 
tion (Table 1) 10 k 3.6 0.36 | 0.49 +0.05 4.9 
4 6 10.3 2.90 1.05: 6.07 4.2 
4 9 8.4 2.10 | 0.98 + 0.072 3.9 
4 24 64 16 1.86 + 0.13 7.4 
Site of 
Type III pneumococcal in- inoc- 
fection in mice treated ulum 1 140 140 3.49 + 0.27 3.5 
after intramuscular inoc- 100t 4 3 £382 0.73 + 0.06 
ulation} with varying 0.08} 106} 1. 106 106 3.18 + 0.31 3.2 
numbers of organisms 4 3 9.4 2.35 | 0.90 + 0.05 3.6 
(Table 1) 10*| 36.5. | 36.5 | 2.2340.13| 2.2 
4 3 8.9 2.22 | 0.88 + 0.04 3.5 
10? 1 1.95 | 0.85 + 0.05 0.85 
4 3 3.14 0.78 | 0.63 + 0.04 a.5 
Group A {-hemolytic streptococ- 10° 1 50:7 50.7 3.21 + 0.24 3.2 
cus infection in mice treated 4 3 0.53 0.132 | 0.64 + 0.03 2.6 
immediately after intramuscu- 104 1 22.0 22.0 2.56 + 0.14 2.6 
lar inoculation with varying | 0.012 4 4 0.43 0.108 | 0.60 + 0.07 2.4 
numbers of organisms (Table qo? 0.35 | 0.35 | 0.83 £0.07| 0.83 
m1) 4 3 0.26} 0.065|0.5240.04] 2.1 


: * Minimal effective serum concentrations taken as 0.012 micrograms/cc. for group A streptococcal infection, 
_" 0.05 micrograms/cc. for type I pneumococcal infection, 0.08 micrograms/cc. for type III pneumococcal infection and 
0.12 micrograms/cc. for group B streptococcal infection. 

+ This standard error takes cognizance of the standard error of the estimated CDs» doses of penicillin (Tables 
I-IV), as well as the standard error of the serum concentration data indicated in Figures 2 and 5. 

t One group of animals in this series was treated twenty-four hours after inoculation with 100 organisms; the 
other three groups were treated immediately after inoculation. 


serum concentration in this particular infec- | organisms are given an opportunity to re- 
2 tion!® and in the serum penicillin assays.‘* multiply if there is too long a penicillin-free 
. In part, however, these small differences interval between injections. 


may be real and may reflect (1) the varying The last two sections of ‘T'able v1 describe 
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the experiments with type III pneumococci 
and group A streptococci. (Figs. 6 and 7.) 
Varying numbers of organisms had been 
injected, and for each inoculum the curative 
dose had been determined when penicillin 
was given as either a single injection or 
divided into injections at three-hour inter- 
vals. (Table nm and m1.) For a given inoculum 
the curative doses on these two schedules 
differed as much as a hundredfold; but the 
aggregate times for which they provided the 
effective serum concentration of penicillin 
were again essentially the same. In mice 
treated immediately after inoculation with 
10° pneumococci the penicillin times on the 
single- and miultiple-injection schedules 
were 3.2 and 3.6 hours, respectively; in a 
twenty-four-hour infection, 3.5 and 3.3 
hours; and with an inoculum of 10* organ- 
isms, 2.2 and 3.5 hours. In mice inoculated 
with streptococci the penicillin-times in the 
single- and multiple-dose schedules were, 
respectively, 3.2 and 2.6 hours with an 
inoculum of 10° organisms, and 2.6 and 
2.4 hours with an inoculum of 104 organisms. 

The only significant deviation from this 
constant “‘penicillin time’? was in mice re- 
ceiving small inocula (100 organisms). In 
such animals the single injection was appar- 
ently more efficient, an estimated exposure 
to effective concentrations of penicillin for 
only 0.85 hours and 0.83 hours sufficing to 
abort the pneumococcal and streptococcal 
infections, respectively; while when four 
injections were repeated at three-hour inter- 
vals, it was necessary to provide effective 
concentrations for 2.5 and 2.1 hours. A 
partial explanation may be the fact that 
bacteria which have been exposed only 
briefly to lethal concentrations of penicillin 
rapidly recover from its toxic effects to 
resume multiplication at a normal rate 
both in vitro’ and in vivo.'® Thus in mice 
inoculated with 100 group A streptococci a 
single dose of penicillin at 0.35 mg. /kg., 
providing the effective serum concentration 
for 0.8 hours, sufficed to abort infection in 
half the animals. (Tables m and v1.) How- 
ever, four three-hourly doses of 0.016 mg. / 
kg., each providing the effective level for an 
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estimated period of 0.2 hours, were wholly 
ineffective. In the penicillin-free interval of 
2.8 hours the organisms would have re- 
covered and remultiplied to an even greater 
extent than is indicated by the 0.15 mg. /kg. 
curve of Figure 8. It would therefore be 
necessary to expose the bacteria to penicillin 
for a longer period, thus killing more organ- 
isms and prolonging the recovery period 
of the survivors. In both pneumococcal and 
streptococcal infections with 100 organisms 
this was accomplished by prolonging the 
‘penicillin time’’ afforded by each injection 
to approximately 0.5 hours. 

A further consideration may be the fact 
that in these small inoculum infections, 
aborted by small dosages and threshold 
concentrations of penicillin, the ‘‘penicillin 
time’? may be shorter on a single injection 
because it provides maximally effective con- 
centrations of penicillin; while on sub- 
division of the dose only the barely bac- 
tericidal level is afforded. * 

The longer time required to cure syphilitic 
infections in rabbits as compared with 
experimental pneumococcal or streptococcal 
infections is probably related to the much 
slower rate at which treponemas are killed 
by penicillin. With the strains of pneumo- 
cocci and streptococci here studied 99.9 per 
cent of the organisms are killed in vitro 
within two to five hours'® and at essentially 
the same rate in vivo.'® In contrast, with 
cultured treponemas it required seventeen 
to twenty-five hours to kill 99.9 per cent 
in vitro;'* and pathogenic T. pallidum begins 
to disappear from a primary lesion in rabbits 
only four to six hours after the administra- 
tion of even large doses of penicillin. In 
consequence and despite the fact that T. 
pallidum is exquisitely sensitive to penicillin 
in terms of the concentrations necessary to 
kill, those minimal concentrations must be 
maintained for a much longer period of 
time in order to effect cure. 

Rate at Which Bacteria Are Killed by Peni- 
cillin in Vivo in Relation to the Serum Concen- 
tration of Penicillin. If the total time for 
which penicillin remains at effective levels 


* See footnote on page 290. 
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is the primary determinant of its therapeutic 
activity, the rate at which bacteria are 
killed should be independent of the dosage 
of the drug and of its concentration in the 
body fluids, provided only that the latter 
is in excess of the concentration maximally 


Each point in the figure is the median per- 
centage of organisms surviving at the indi- 
cated time, based on groups of four to ten 
mice. Despite the large variation between 
individual mice, the trend of the data was 
consistent. As seen in Figure 8 the initial 
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Fic. 8. The effect of varying dosages of penicillin on an intramuscular depot of 
streptococci.!® Twenty thousand group A organisms were inoculated intra- 
muscularly and penicillin was immediately injected into the opposite leg. The 
number of viable organisms remaining was determined by emulsifying the 
muscle in a Waring blendor and plating out. Each point in the figure is the 
median of four to ten determinations in as many individual mice. 


effective against the particular organism. 
A large dose should be more effective than 
a small dose, not because it works faster * 
but because it continues to act for a longer 
period of time. This was found to be the 
case. 

Mice were inoculated intramuscularly 
with 20,000 organisms and were immedi- 
ately treated in the opposite leg muscle 
with a single injection of aqueous penicillin. 
At varying intervals thereafter, the inocu- 
lated muscle was removed, emulsified in a 
Waring blendor and the number of viable 
organisms in the tissue emulsion determined 
by plate counts. The results of a number of 
experiments with the C-203 strain of group 
A streptococci are summarized in Figure 8. 


* See footnote on page 290. 
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rate at which bacteria died under the im- 
pact of penicillin was independent of the 
dosage of penicillin and thus of its concen- 
tration in the serum and tissue fluids, pro- 
vided only that that level was in excess of the 
concentration necessary to kill the particular 
organism at the maximal rate. Streptococci 
died no faster at a dosage of 200 mg. /kg., 
providing a fifteen-minute level of 200 
micrograms /cc., than they did at 0.6 mg. / 
kg., providing a fifteen-minute level of 0.45 
micrograms /cc. 

There was thus no indication either in the 
experiments of Figure 8 or in similar ex- 
periments with Diplococcus pneumoniae 
type I, Diplococcus pneumoniae type III 
or a group B B-hemolytic streptococcus to 
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be reported in detail in a following paper,'® 
that a large dose of aqueous penicillin 
serves to “‘prime”’ the bactericidal process 
in vitro.2° The major difference between 
massive doses of penicillin and doses barely 
bactericidal consisted in the time for which 
that bactericidal effect was continued. Thus, 
as shown in Figure 8, at a dosage of 200 
mg. /kg. the serum concentration remained 
in excess of the estimated minimal effective 
concentration of 0.012 micrograms /cc. for 
five hours. This is indicated by the dotted 
portion of the lowest curve; and the bacteria 
continued to die rapidly for that entire 
period. At 3 mg. /kg. the serum penicillin 
remained in excess of that level for 1.5 hours 
and the rapid bactericidal action continued 
for approximately that same time. At 0.6 
mg. /kg. the effective concentration of 0.01 
micrograms /cc. was provided for one hour 
and the bactericidal action was correspond- 
ingly brief. At 0.15 mg./kg. the serum 
penicillin concentration was in excess of 
0.012 micrograms /cc. for less than forty-five 
minutes and there was correspondingly only 
a short-lived effect against the streptococcus. 

The effect of the dosage on the duration 
of the post-penicillin recovery period will 
be discussed in a following paper.'® 


COMMENTS 


Total ‘Penicillin Time’ as the Common 
Denominator in Equi-effective Treatment Sched- 
ules. It has here been shown in a number of 
experimental infections (6-hemolytic strep- 
tococcal infections in mice and rabbits, 
type I and type III pneumococci in mice, 
and T. pallidum in rabbits) that the cura- 
tive dose of penicillin may vary to an extra- 
ordinary degree, in some instances more 
than a hundredfold, according to the 
method used for its administration. How- 
ever, these widely disparate but equi-effec- 
tive curative doses have in common the 
fact that in a given infection they provide 
the effective concentration of penicillin for 
essentially the same aggregate period of 
time, modified only by the factors discussed 
in the following paragraph. 

Continuous versus Discontinuous Treatment: 


The Importance of the Penicillin-free Interval 


between Injections. ‘The time between injec- 
tions for which the penicillin is at less than 
the effective concentration is, however, also 
of importance, and operates in two opposing 
directions to modify the therapeutic action 
of the drug. For a significant period of time 
after penicillin itself has fallen to ineffective 
levels the surviving but damaged organisms 
fail to multiply, and instead with some 
species remain susceptible to the host de- 
fenses.©'® This continuing death of the 
organisms is thus an aftermath of penicillin 
action, and in the case of group B strepto- 
coccus here studied contributes materially 
to the total therapeutic action of the drug.'® 
With other organisms, such as the type ITI 
pneumococcus and the group A streptococ- 
cus, the host factor was only slight or not 
demonstrable; but even in such cases the 
organisms did not multiply zm vivo for a 
number of hours after exposure to penicillin. 
Eventually, however, the organisms do re- 
cover from the toxic effects of the drug and 
resume multiplication. The longer re- 
treatment is then delayed the greater is the 
degree to which remultiplication during the 
penicillin-free interval counteracts the ef- 
fect of the preceding treatment 

The degree to which the penicillin-free 
interval can be prolonged without seriously 
affecting the therapeutic effect of the pre- 
ceding infections varies with a number of 
factors: (1) The danger is obviously greater 
with a rapidly multiplying organism than 
when the organisms multiply only slowly. 
As a case in point, in syphilitic infection in 
which the organism has a generation time 
in vivo of approximately thirty hours,?”** 
even an eight- to sixteen-hour penicillin-free 
interval between injections had no harmful 
effect. (2) The concentration of penicillin 
to which the organisms had been exposed, 
and the duration of that exposure, affect the 
time required for the bacteria to recover in 
vitro;® a similar relationship has been ob- 
served in vivo.'® (3) With bacterial species 
which recover from the toxic effects of 
penicillin only slowly, the interval can 
safely be much longer than with species 
which recover rapidly. An instructive con- 
trast is afforded by groups A and B strep- 
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tococci here studied. ‘The group A organism 
recovers in mice after approximately three 
to four hours,'® and with prolongation of 
the interval beyond this period larger doses 
of penicillin or a longer duration of treat- 
ment become necessary for cure. The group 
B organism in rabbits does not recover for 
approximately twelve hours;!® accordingly, 
a nine-hour interval between injections had 
no adverse effect on the outcome of treat- 
ment, while with a twenty-four-hour inter- 
val much larger doses of penicillin were 
necessary for cure. (4) Finally, the smaller 
the number of organisms which survive the 
preceding treatment the less harm is done 
by remultiplication for one, two or four 
generations. If the bacterial population in 
the infected host had been reduced from 10° 
to 10 organisms, even after their complete 
recovery several hours would elapse before 
their remultiplication became of serious 
import. However, if the number of bacteria 
had been reduced only from 10° to 107 or- 
ganisms, remultiplication for even a few 
generations could have a serious effect on 
the evolution of the infection. 

The fact that bacteria remain static in 
number or may continue to die for a con- 
siderable period after penicillin has fallen 
below the bactericidal level constitutes an 
important safety factor in the therapeutic 
use of penicillin and makes possible its dis- 
continuous This does 
not, however, mean that such discontinuous 
treatment, with intervals during which 
penicillin falls below effective levels, is to be 
preferred to methods of treatment which 
assure the maintenance of maximally ef- 
fective concentrations at the focus of infec- 
tion. It is a reasonable presumption that 
most bacteria die much faster under the 
combined impact of penicillin and the 
body’s defense mechanisms than they do 
as a result of the latter alone. A schedule of 
treatment which provides the maximally 
effective bactericidal concentration at the 
focus of infection continuously should there- 
fore be more rapidly effective than a discon- 
tinuous schedule. 

** Adequate” Penicillin Dosage. ‘The fore- 
going discussion points up the fact that 
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adequate dosage with penicillin has at least 
two parameters. One is the concentration 
attained at the focus of infection, and the 
other is the total time for which that con- 
centration is provided. In experimental in- 
fections with an intramuscular, subcutane- 
ous or intraperitoneal inoculum, and treated 
soon after inoculation, a serum concentra- 
tion approximately two to four times greater 
than that necessary to kill the organism at 
the maximal rate in vitro usually sufficed also 
to kill it at the maximal rate in vivo;!° and 
massive doses, which provide concentrations 
several hundred times greater, did not fur- 
ther accelerate the rate of penicillin action. 
(Fig. 8.)'® Further, in eight of nine bacterial 
strains studied the toxic effect of penicillin 
on the organisms (manifested by the delayed 
resumption of multiplication upon removal 
of the drug) proceeds just as rapidly at this 
maximally bactericidal concentration as it 
does at concentrations several thousand 
times greater.® By the same token, penicillin 
suspended in absorption-delaying vehicles 
which provide a reasonably sustained but 
low level should be just as effective as multi- 
ple injections of aqueous solution, provided 
only that the absolute concentration at- 
tained at the focus of infection is in excess 
of that necessary to kill the particular or- 
ganism at the maximal rate. 

The latter reservation with respect to the 
therapeutic efficacy of penicillin in absorp- 
tion-delaying vehicles is an important one. 
A dosage of procaine penicillin in oil which 
provides serum concentrations in excess of 
0.2 micrograms for the first two hours, 0.1 
micrograms per cc. for the following four 
hours and 0.05 micrograms per cc. for the 
next eight hours would be highly effective 
against most strains of B-hemolytic strepto- 
cocci. It would, however, provide effective 
concentrations for only four hours against 
an organism which requires 0.2 micrograms 
per cc. and would be wholly ineffective 
against a Streptococcus fecalis which re- 
quires a serum concentration of 4 to 8 micro- 
grams /cc. in order to provide the effective 
concentration at the focus of infection. 

The practice of incorporating a small 
amount of sodium penicillin in such pre- 
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parations (the water-soluble sodium salt to 
provide high concentrations over a short 
time, and the less soluble, more slowly ab- 
sorbed procaine salt to provide low concen- 
trations over a long time) would appear to 
add but little to their therapeutic efficacy. 
With organisms for which the procaine 
penicillin provides adequate concentrations 
the short-lived high concentrations afforded 
by the sodium salt are unnecessary and do 
not accelerate the death of the organisms. 
On the other hand, with organisms which 
are not affected by the low concentrations 
of the procaine salt, the sodium-procaine 
mixture would be effective only for the time 
that the sodium salt provides the high con- 
centrations necessary for the particular 
organism and treatment would therefore 
have to be repeated as often as if one were 
using the sodium salt alone. 

The foregoing discussion is based on find- 
ings in acute experimental infections. In an 
area of chronic inflammation with a walled- 
off foci of infection only slowly equilibrated 
with the serum and the surrounding tissue 
fluids it may be necessary to sustain the 
serum concentration at a relatively higher 
level for a longer period of time in order to 
assure the presence of the effective concen- 
tration at the actual focus of infection. 

The total time for which that effective 
concentration must be provided at the focus 
of infection in order to effect cure depends 
on a number of factors. One is the rate at 
which the particular organism can be killed 
by the drug. It is apparent that a species of 
which 99.9 per cent can be killed in two 
hours will require a shorter period of treat- 
ment than one requiring twenty-four hours 
to achieve the same purpose. The number 
of organisms in the infected animal is a 
further consideration, for the greater that 
number the longer the time the organisms 
must be exposed to the drug.® 

The problem of adequate treatment with 
penicillin in man is complicated by the re- 
peated observation that the provision of 
adequate concentrations for what should 
be a sufficiently long period of time does not 
always ensure cure. No satisfactory explana- 
tion has yet been offered for the fact that in 


some cases of subacute bacterial endocardi- 
tis, with an organism which is highly sensi- 
tive to penicillin zm vitro, the provision of 
serum concentrations of 10 micrograms/cc. 
or higher maintained for days and even 
weeks may fail to effect cure. In the case of 
early syphilitic infection also, large doses of 
penicillin administered over a period of two 
or four weeks may fail to effect cure despite 
the fact that the organism is killed by con- 
centrations of less than 0.005 micrograms 
per cc.'? At least in the latter instance it 
seems unlikely that the treatment failure is 
due to the presence of resistant organisms 
which require higher concentrations of 
penicillin than had actually been provided. 
Some of these treatment failures may be 
related to the fact that bacteria are sus- 
ceptible to the lethal action of penicillin 
only in an environment conducive to 
growth and multiplication. It is conceivable 
that at a focus of infection poorly supplied 
with nutrient material the organisms may be 
multiplying so slowly that the drug is 
paradoxically inactive. 


SUMMARY AND CONCLUSIONS 


1. The curative (CD50) dosage of aque- 
ous penicillin in a number of experimental 
infections varies within wide limits, as 
much as a thousandfold, according to the 
schedule of its administration. 

2. In a given infection these widely dis- 
parate curative doses provide effective con- 
centrations of penicillin for essentially the 
same aggregate period of time, modified 
only by the varying effects of the penicillin- 
free interval between injections; and that 
common denominator of ‘“‘penicillin time” 
is suggested as the primary determinant of 
its therapeutic activity. 

3. The rate at which bacteria die under 
the impact of penicillin zn vivo is independ- 
ent of its absolute concentration, provided 
only that the latter is in excess of the level 
which in vitro kills the particular organism 
at the maximal rate. Large doses of peni- 
cillin are more effective than smaller doses 
primarily because of the longer time 
during which they provide that effective 
concentration. 
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4. A penicillin-free interval between in- 
jections modifies the therapeutic activity 
of the drug in two opposing senses. For a 
variable period of time after the penicillin 
itself has fallen to ineffective levels, the body 
may in some cases continue to dispose of 
bacteria damaged but not yet killed by the 
drug and thus contributes to its therapeutic 
action by reducing the time for which 
penicillin itself need act on the organisms. 
Eventually, however, the organisms recover 
from the toxic effects of the preceding injec- 
tion and resume multiplication. An unduly 
long penicillin-free interval between injec- 
tions therefore necessitates larger doses of 
penicillin and the provision of effective con- 
centration for a longer aggregate time. 
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Treatment of Rickettsialpox with 


Aureomycin’ 


Harry M. Roser, M.D., YALE KNEELAND, JR., M.D. and Count DiLLon Gipson, M.D. 
New York, New York 


ARLY studies of aureomycin indicated 
that this antibiotic not only had a 
wide range of antibacterial activity 
but also possessed remarkable antirickettsial 
properties. Wong and Cox! found that 
aureomycin had a marked therapeutic 
effect on infections with rickettsiae of the 
typhus fever, spotted fever, scrub typhus 
and Q fever groups in chick embryos, mice 
and guinea pigs. Anigstein and his associ- 
ates” also reported that the antibiotic 
readily protected guinea pigs which were 
infected with strains of epidemic typhus and 
Rocky Mountain spotted fever rickettsiae. 
The significance of these observations with 
respect to the treatment of certain rickettsial 
infections in man has since been amply 
demonstrated. Aureomycin has been found 
to be consistently effective in the treatment 
of Rocky Mountain spotted fever by Bryer 
et al.,* Cooke,* Ross et al.® and Harrell et 
al.;° in tick-bite fever by Gear and Haring- 
ton’ and by Hildick-Smith;* in typhus by 
Knight et al.;*?° in Brifl’s disease by Shoen- 
bach!! and by Blumberg et al.;!* and in Q 
fever by Lennette et al.!* In addition Wood- 
ward!’ states that the United States Army 
scrub typhus team has used aureomycin in 
that disease with results similar to those in 
patients treated with chloramphenicol. 
There remains one type of human 
rickettsial disease, rickettsialpox, in which 
the therapeutic effect of aureomycin has not 
been definitely established up to the present 
time. This disease is a novel infectious entity 
caused by Rickettsia akari, a new species 
which is serologically related to the spotted 


fever group of rickettsiae.!®° The only known 
endemic focus of infection is New York City 
and nearly all cases of rickettsialpox have 
been observed in that metropolitan area. 
However, a few cases have been seen in out- 
lying localities among commuters or visitors 
who in all likelihood contracted the infec- 
tion while in the city. The clinical mani- 
festations, laboratory findings and methods 
for the specific diagnosis of the disease have 
been adequately described elsewhere’® and 
will not be reviewed here. In the present 
report the results of aureomycin therapy in 
eight proved cases of rickettsialpox are set 
forth in some detail. Two of these cases have 
been briefly mentioned in a previous publi- 
cation.'® Observations are also presented 
concerning the possible suppressive effect of 
aureomycin on the immunologic response to 
infection by R. akari. 


METHOD OF STUDY 


The patients were all hospitalized in the 
Presbyterian Hospital, the Babies Hospital or 
the Harkness Pavilion of the Columbia-Presby- 
terian Medical Center. Acute phase blood speci- 
mens were collected aseptically by venipunc- 
ture, usually within twenty-four hours after the 
patients were admitted, and the serums and 
clots were separated by centrifugation. The clots 
were quickly frozen in sealed glass tubes and 
stored in a carbon dioxide ice box at approxi- 
mately minus 70°c.; the sterile serums without 
added preservative were kept in an ordinary 
electric refrigerator at 4°c. Specimens of con- 
valescent serum were obtained from all patients 
from two to six weeks after the initial bleedings 
and the paired serums were then tested simul- 


* From the Departments of Bacteriology and Medicine, College of Physicians and Surgeons, Columbia University, 
and the Presbyterian Hospital, New York, N. Y. Aided by a grant from the Division of Research Grants and Fellow- 
ships of the National Institutes of Health, United States Public Health Service. 
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taneously for specific rickettsial antibody by the 
complement fixation method. The technic used 
was a modification of the Kolmer test, using 
serial twofold dilutions of serum, two exact units 
of complement and a fixation period of one hour 
at 37°c. The antigen was of the soluble type and 
was prepared according to Method No. 1 of 
Topping and Shepard!’ from the yolk sacs of 
chick embryos infected with a strain of R. akari 
(McCauley) previously isolated in this labora- 
tory. The results of the complement fixation 
tests were expressed as the highest dilution of the 
patient’s serum that gave at least 2 plus fixation, 
following addition of sensitized sheep erythro- 
cytes and further incubation at 37°c. until serum 
and antigen controls showed complete hemolysis. 

In those cases in which no specific immune 
response was detected by the complement fixa- 
tion test, an attempt was made to isolate rickett- 
siae from the frozen blood clots. The clots were 
rapidly thawed at 37°c. and ground up in a 
sterile mortar with about 10 cc. of nutrient 
broth. After brief centritugation to remove gross 
particles, each clot suspension was injected in 
1.0 cc. amounts intraperitoneally into ten 
albino mice averaging 15 to 18 gm. in weight. 
The animals were observed carefully for signs 
of illness, as previously described,'® and were 
sacrificed from seven to nine days after inocula- 
tion. Smears of liver, spleen and_ peritoneal 
exudate were stained by Macchiavello’s method 
and examined microscopically for rickettsiae. 
Portions of liver and spleen found or suspected 
to contain rickettsiae were ground up in broth 
and these suspensions were injected intraperi- 
toneally into fresh mice and into the yolk sacs of 
seven day old chick embryos. By this means, on 
the first or on subsequent passages, strains of R. 
akari were recovered from the blood of all three 
of the patients in this series in whom isolation 
was attempted. 

Aureomycin hydrochloride* in capsules con- 
taining 250 mg. was administered orally to all 
patients, usually in doses of from 2.0 to 4.0 gm. 
daily. No toxic side reactions were encountered 
other than occasional nausea, vomiting and diar- 
rhea which in one case were sufficiently severe 
to require cessation of treatment. 


CASE REPORTS 


Case 1. M. O., a thirty-six year old colored 
female, was admitted to the Presbyterian Hos- 


* This drug was kindly supplied by the Lederle 
Laboratories Division, American Cyanamid Company. 
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pital on February 15, 1949, with complaints of 
headache, fever and malaise. Her past history 
was irrelevant. Three days before admission the 
patient had a stabbing, bitemporal headache 
which recurred at intervals of one to two hours. 
She also noted feverish sensations with an oral 
temperature rising to 102°r. each night and 
occasional chilliness, but no true chills. The 
headache became increasingly severe and rather 
marked photophobia developed, with pain on 
deviation of gaze. Pain and stiffness of the neck 
appeared, with pain along the spine from the 
mid-thoracic to the occipital region on flexing 
the head toward the chest. There were no signs 
of a preceding upper respiratory infection, but 
two days before admission her throat became 
slightly sore. At this time she also noticed a 
tender lump in the right axilla. No skin eruption 
was observed by the patient prior te entering the 
hospital. On admission the temperature was 
101.6°r. There was a questionable rash consist- 
ing of a few small erythematous macules scat- 
tered over the face, trunk and arms. The neck 
was moderately stiff on anterior flexion but the 
Kernig and Brudzinski signs were absent and 
there were no focal neurologic signs. The lymph 
nodes in the right axilla were enlarged and 
tender but careful examination of the cutaneous 
area draining to this site failed to reveal a 
primary lesion. The heart and lungs were nega- _ 
tive, as was the abdomen. The spleen could not 
be palpated. The leukocyte count was 4,440 with 
a normal differential. The erythrocyte sedimen- 
tation rate was 35 mm. in one hour by the 
Westergren method. A lumbar puncture was 
done and clear spinal fluid was obtained under 
normal pressure. Examination of the fluid 
showed 2 lymphocytes per cu. mm., protein 
61 mg. per cent, sugar 65 mg. per cent and 
negative Wassermann and colloidal gold tests. 
During the first twenty-four hours following ad- 
mission the symptoms remained essentially un- 
changed and the temperature fluctuated between 
101° and 101.6°r. Meanwhile, a definite cutane- 
ous eruption appeared which consisted of small 
erythematous maculopapular lesions scattered 
sparsely over the face, trunk and extremities. 
None of these showed vesiculation. One small 
erythematous lesion was also seen on the right 
side of the palate. Treatment was then started 
with aureomycin, 1.0 gm. initially and 1.0 gm. 
every six hours thereafter for a total of sixteen 
doses. Within eighteen hours the temperature 
fell to normal, the headache and other symptoms 
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disappeared and there was a marked increase in 
the sense of well-being. The rash faded com- 
pletely in forty-eight hours. Convalescence was 
uneventful and the patient was discharged from 
the hospital on February 22, 1949. The rickett- 
sialpox complement fixation test was negative 
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Fic. 1. Chart of Case 1. 


on the third day of illness but was positive in a 
serum dilution of 1:256 twenty-four days later. 
(Fig. 1.) 

Case u. J. B., a thirty-four year old white 
male, was admitted to the Harkness Pavilion on 
March 1, 1949. That morning he noted malaise, 
frontal headache and chilly sensations. These 
symptoms increased in intensity during the day 
and his temperature rose rapidly to 102.4°r. 
between 6:00 and 10:00 p.m., at which time he 
entered the hospital. Physical examination dis- 
closed nothing of note except a few erythema- 
tous papules on the arms, chest and abdomen. 
The leukocyte count was 7,200 with a normal 
differential. During the night and up to noon of 
the following day the patient became more 
acutely ill with severe frontal headache, gen- 
eralized muscular aching and repeated chilly 
sensations. His temperature fluctuated between 
101.4° and 103.2°r. An extensive rash appeared 
over the face, trunk and extremities consisting 
of erythematous maculopapular lesions, many 
of which showed vesiculation. There was no 
enanthem and no primary lesion could be 
identified. Approximately fifteen hours after 
admission the patient received 1.0 gm. of aureo- 
mycin, 1.0 gm. three hours later and then 1.0 
gm. every six hours for a total of ten doses. The 
drug then had to be discontinued because of 
nausea and diarrhea. Within the first eighteen 
hours of treatment the patient felt markedly 
better, the headache and muscular aching disap- 
peared and the temperature fell to normal. The 
cutaneous eruption cleared rapidly. Convales- 


cence was uneventful and he was discharged 
from the hospital on March 5, 1949. The rickett- 
sialpox complement fixation test was negative 
on the second day of illness and was also nega- 
tive with serum specimens collected twenty, 
thirty-three and forty-five days later. R. akari 
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was recovered from blood obtained on the 
second day of illness and stored in the frozen 
state for twenty-two days before isolation was 
attempted. (Fig. 2.) 

Case m1. W. A,, a fifteen year old colored 
male, was admitted to the Presbyterian Hospital 
on March 25, 1949. The patient apparently had 
been well until three days earlier when he first 
noticed a rash on his face and body. Shortly 
thereafter he had a shaking chill, his tempera- 
ture rose to 102°F. and a severe frontal headache 
developed. Fever, chilly sensations, headache 
and malaise continued until the time of admis- 
sion. On entrance to the hospital he appeared 
moderately ill and the temperature was 100.4°F. 
Scattered over the face, trunk and extremities 
were many discrete papulovesicular lesions 
from 3 to 5 mm. in diameter. One vesicular 
lesion was seen on the soft palate. There was no 
local lymphadenopathy and no primary lesion 
could be discovered. The heart, lungs and 
abdomen were negative. The leukocyte count 
was 4,100 with polymorphonuclear neutrophiles 
27 per cent, lymphocytes 66 per cent, monocytes 
4 per cent and eosinophiles 3 per cent. Treat- 
ment with aureomycin was started three hours 
after admission with 1.0 gm. initially, 1.0 gm. 
after three hours and 1.0 gm. every six hours 
thereafter for a total of twelve doses. During the 
first eight hours of therapy the temperature 
mounted from 100.4° to 101.8°r.; it then fell 
rapidly to normal. The headache and malaise 
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disappeared overnight and the extensive cutane- 
ous eruption had virtually disappeared by the 
end of the third hospital day. Convalescence 
proceeded without incident and the patient was 
discharged from the hospital on April 1, 1949. 
The rickettsialpox complement fixation test 
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was negative on the third day of illness but was 
positive in a serum dilution of 1:16 twenty-four 
days later. (Fig. 3.) 

CasE Iv. J. M., a six year old colored female, 
was admitted to the Babies Hospital on April 8, 
1949. Three days before admission the mother 
noted a small red papule on the right forearm of 
the patient which she thought was ‘‘a mosquito 
bite.” The following day similar papules ap- 
peared on the neck, forehead and left buttock. 
The rash extended further on the day before 
admission and the child complained of head- 
ache, but she did not appear ill and attended 
school as usual. On the morning of the day of 
admission the headache became more severe 
and in the afternoon she had a shaking chill 
lasting nearly one hour. At the time of entrance 
to the hospital she appeared acutely ill and 
her temperature was 103°F. In the right ante- 
cubital fossa there was an erythematous lesion 
about 1.5 cm. in diameter with a central dark 
crust. The right axillary lymph nodes were en- 
larged and tender. Many erythematous papules 
from 2 to 3 mm. in diameter were distributed 
over the neck, arms, chest and buttocks; some of 
these showed small dark centers but no vesicles 
were observed. One lesion was seen on the 
anterior pillar of the right tonsil. The heart and 
lungs were negative. The abdomen was negative 
with the exception that the spleen could be 
readily palpated. The leukocyte count was 
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4,500 with a normal differential. Two hours after 
admission the patient was given an initial dose of 
0.75 gm. of aureomycin followed by 0.75 gm. 
after three hours, 0.5 gm. after another three 
hours and then 0.5 gm. every six hours until 
7.5 gm. had been administered. Within twenty- 
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four hours the temperature fell to normal and 
there was marked clinical improvement with 
complete disappearance of headache. The rash 
cleared rapidly and convalescence was unevent- 
ful. She was discharged from the hospital on 
April 12, 1949. The rickettsialpox complement 
fixation test was negative on the fourth day of 
illness but was positive in a serum dilution of 
1:64 eighteen days later. (Fig. 4.) 

Case v. D.R., a twenty-six year old colored 
male, was admitted to the Presbyterian Hospital 
on April 8, 1949. On the day before admission 
the patient had malaise, severe frontal headache 
and a sensation of fever. He also had several epi- 
sodes of chilliness followed by profuse sweating 
but no true chills. On entrance to the hospital 
about twenty-four hours after onset he appeared 
acutely ill and had a temperature of 102.8°r. 
The chief complaint was severe throbbing head- 
ache. The conjunctivas were intensely injected 
and there was considerable pain on deviation of 
gaze. The heart, lungs and abdomen were nega- 
tive. No rash was observed. The leukocyte count 
was 6,000 with a normal differential. During the 
next twenty-four hours the temperature ranged 
between 101° and 104°r. Further examination 
disclosed an erythematous indurated lesion 
about 1.5 cm. in diameter, with a small central 
eschar, just above the right elbow posteriorly. 
The lymph nodes in the right axilla were 
slightly enlarged and tender. Careful search 
disclosed an almost inapparent rash consisting 
of erythematous macules from 2 to 3 mm. in 
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diameter widely spaced over the arms, trunk 
and thighs. Some of these lesions exhibited a 
tiny central vesicle. This eruption would cer- 
tainly have been missed had it not been delib- 
erately looked for. Meanwhile, although the 
temperature had dropped somewhat, the patient 
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complained of increased malaise and headache 
and had some pain and stiffness of the neck. 
There were no other signs of meningeal irritation 
and lumbar puncture yielded clear spinal fluid 
under normal pressure with normal cytologic 
and chemical findings. Treatment was now 
started with 1.0 gm. of aureomycin initially, 
1.0 gm. after three hours, 1.0 gm. after another 
three hours and then 1.0 gm. every six hours for 
a total of fourteen doses. In less than twenty-four 
hours there was marked clinical improvement 
with complete disappearance of headache and 
malaise and a return of the temperature to the 
normal range. Convalescence was not remark- 
able and the patient was discharged from the 
hospital on April 14, 1949. The rickettsialpox 
complement fixation test was negative on the 
third day of the illness and was again negative 
forty-two days later. R. akari was recovered from 
blood obtained on the third day of illness and 
stored in the frozen state for fifty-seven days 
before isolation was attempted. (Fig. 5.) 

Case vi. M. C., a thirty-two year old 
colored female, was admitted to the Presbyterian 
Hospital on June 20, 1949. Seven days before 
admission she noted a small red spot on the left 
side of her neck which was neither painful nor 
tender. About three days later she observed a 
swollen area just above this spot which increased 
progressively in size. On the day before admis- 
sion she first felt feverish and had a severe, con- 
stant occipital and retro-orbital headache. When 
admitted to the hospital the temperature was 
102.2°r., but the patient did not appear actuely 
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ill. On the lower aspect of the left side of the neck 
there was an erythematous papule about 1.0 cm. 
in diameter, with a central dark crust, and just 
above this was an enlarged, tender cervical 
lymph node about 2 by 2 cm. in diameter. No 
other cutaneous lesions were seen and there was 
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no enanthem. The conjunctivas were moderately 
injected. The heart, lungs and abdomen were 
negative. The leukocyte count was 4,120 with a 
normal differential. On account of the severity 
of the headache a lumbar puncture was per- 
formed and clear spinal fluid was obtained under 
normal pressure. Examination of the fluid 
showed 4 lymphocytes per cu. mm., protein 
60 mg. per cent, sugar 62 mg. per cent and 
negative Wassermann and colloidal gold tests. 
One hour after admission she was given 1.0 gm. 
of aureomycin and then 0.5 gm. every six hours 
until 5.5 gm. had been administered. The tem- 
perature descended to normal within twenty-four 
hours, the headache rapidly subsided and she 
was essentially asymptomatic after the first day 
of treatment. On the third hospital day the 
leukocyte count was 2,240 with a relative 
lymphocytosis. At no time was a secondary 
cutaneous eruption observed. She was dis- 
charged from the hospital on June 23, 1949. 
The rickettsialpox complement fixation test was 
negative on the first hospital day and was again 
negative seventeen days later. However, R. 
akari was recovered from blood collected on the 
day of admission and stored in the frozen state 
for 169 days before isolation was attempted. 
(Fig. 6.) 

CasE vu. J. S., a five and a half year old 
white male, was admitted to the Babies Hospital 
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on June 22, 1949. About one week earlier the 
mother noted a small red area on the patient’s 
chin which she thought was an insect bite. Four 
days before admission the child began to com- 
plain of feeling ill with headache and loss of 
appetite and his temperature was found to be 
103°r. The following day a generalized cutane- 
ous eruption appeared. Fever and headache 
continued together with marked anorexia and 
on the morning of the day of admission he 
vomited twice. On entrance to the hospital the 
patient did not appear acutely ill and the tem- 
perature was 102.2°r. Sparsely scattered over 
the face, trunk and extremities were small 
erythematous maculopapular lesions some of 
which showed central vesicles containing cloudy 
fluid. Two vesicular lesions were seen on the soft 
palate. Under the chin there was a small erythe- 
matous papule with a central dark crust. There 
was no local lymphadenopathy. The heart, 
lungs and abdomen were negative. The leuko- 
cyte count was 4,000 with a normal differential. 
On the second hospital day the child still felt ill, 
the headache was undiminished and the tem- 
perature, after an initial fall, had risen again to 
102.4°r. Aureomycin was then started in a dose 
of 0.25 gm. every six hours and was continued 
until a total dose of 2.25 gm. had been given. 
Within twenty-tour hours the temperature fell to 
normal, the headache disappeared and the pa- 
tient appeared markedly improved. Thereafter, 
he remained well and the rash faded rapidly. He 
was discharged from the hospital on June 26, 
1949. The rickettsialpox complement fixation 
test was negative on the second day in the 
hospital but was positive in a serum dilution of 
1:16 thirty-four days later. (Fig. 7.) 

Case vi.* K. W., a twenty-two year old 
white female, was admitted to the Harkness 
Pavilion on July 11, 1949, with complaints of 
fever, malaise and glandular swelling of one 
day’s duration. The past history was essentially 
negative except for a questionable attack of 
infectious mononucleosis approximately three 
months earlier. At that time she had had an 
illness lasting one week characterized by enlarge- 
ment of the submaxillary and epitrochlear 
lymph nodes and a slightly enlarged spleen, 
but no fever. About eighteen hours before 
admission the patient had marked malaise, pain 
in the eyes, severe frontal headache and noticed 
that the lymph nodes in her neck began to swell. 
During the next few hours the swelling of the 


* Case of Dr. F. R. Bailey. 
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395 
nodes increased rapidly and tenderness 
veloped on the right side of the neck. Four hours 
before admission she felt feverish and found her 
temperature to be 101.8°r. On entrance to the 
hospital the patient appeared moderately ill and 
the temperature was 101.4°r. No skin eruption 
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was observed with the exception of a single 
erythematous papule about 0.5 cm. in diameter 
with a central dark crust which was situated on 
the right cheek. There was considerable pain in 
the eyes, especially on movement, but no con- 
junctivitis. The upper cervical lymph nodes were 
bilaterally enlarged, especially on the right side 
where there was marked tenderness. The re- 
mainder of the physical examination was essen- 
tially negative. The leukocyte count was 6,500 
with a normal differential. During the next two 
days she was treated with 500,000 units of peni- 
cillin twice daily with no improvement. Indeed, 
during this period the temperature rose progres- 
sively to 103.2°F. and the patient became more 
acutely ill with severe headache, marked muscu- 
lar aching, sore throat and pain in the right 
cervical area. A generalized cutaneous eruption 
also appeared which consisted of maculopapular 
lesions, some with central vesicles, rather widely 
spaced over the face, trunk and extremities. 
One similar lesion was observed on the anterior 
pillar of the right tonsil. Penicillin was now dis- 
continued and aureomycin was given in a dose 
of 1.0 gm. initially, followed by 0.5 gm. every 
six hours until 7.5 gm. had been administered. 
Within twelve hours there was marked sympto- 
matic improvement and at the end of twenty- 
four hours the temperature had fallen to normal. 
Thereafter, the patient felt well and the rash 
and lymphadenopathy disappeared in about 
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three days. She was discharged from the hospital 
on July 18, 1949. The rickettsialpox complement 
fixation test was negative on the first day in the 
hospital but was positive in a serum dilution of 
1:32 fifteen days later. (Fig. 8.) 
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COMMENTS 


In our experience, as well as that of 
Greenberg and his associates,'*!* the acute 
febrile stage of rickettsialpox usually lasts 
for about one week, the fever and associated 
symptoms abating gradually over the final 
two or three days of the illness. Only rarely 
do the acute manifestations of the disease 
subside as soon or as quickly as they did in 
each of the patients following treatment 
with aureomycin. It seems reasonable to 
conclude, therefore, that the uniformly 
rapid and favorable therapeutic response 
was not a chance observation even though 
the number of cases treated was small, and 
that rickettsialpox probably may be added 
to the present list of rickettsial infections in 
which aureomycin has a prompt curative 
effect. Rickettsialpox is not a serious or a 
fatal disease but it incapacitates the patient 
and often renders him severely ill for several 
days. The therapeutic use of aureomycin 
should consequently be considered when- 
ever the clinical diagnosis appears to be 
reasonably certain. 

Another antibiotic with known anti- 
rickettsial properties, chloramphenicol, is 
probably of value in the treatment of 
rickettsialpox, although reports of its use 
in the human infection have not been 


published up to the time of this writing. We 
have treated three patients with chloram- 


Treatment of Rickettsialpox with Aureomycin—Rose et al. 


phenicol, all of whom showed a rapid 
recovery similar to that observed with 
aureomycin. However, the data are obvi- 
ously too limited to permit a comparison of 
therapeutic effects with the two antibiotics. 
Recently a new antibiotic, terramycin, has 
been found to have antirickettsial proper- 
ties,”° including activity against strains of R. 
akari in chick embryos.”! Reports of the use 
of terramycin in rickettsialpox and other 
rickettsial infections of man doubtless will 
be forthcoming in the near future. 
Attention should be drawn to the fact 
that in three of the eight patients treated 
with aureomycin no specific antibody re- 
sponse was detected during convalescence 
by the complement fixation test. Neverthe- 
less, there can be no question that these 
three patients did suffer from rickettsialpox, 
as evidenced by a characteristic clinical 
picture and the recovery of rickettsiae from 
blood taken in the acute phase of the illness. 
This observation appears to be significant 
in view of the fact that in more than forty 
untreated cases of rickettsialpox we have 
invariably found significantly elevated titers 
of antibody during convalescence by the 
same serologic method, using antigen pre- 
pared from the same strain of R. akari. 
It also appears unlikely that the failure to 
demonstrate an immunologic response in 
these three patients resulted from a defi- 
ciency in their capacity to form antibodies, 
from wide antigenic differences between 
the strains of rickettsiae causing their infec- 
tion and the strain used in the complement 
fixation test or from factors in the test itself, 
such as poor sensitivity and errors in technic. 


‘It would seem more probable that aureo- 


mycin was the responsible factor and that 
the antibiotic may have suppressed rickett- 
sial multiplication so promptly and com- 
pletely that the resulting antigenic stimulus 
was insufficient for detectable antibody 
production. This hypothesis is supported by 
earlier observations of Wong and Cox! and 
of Anigstein et al.,? who noted that animals 
infected with typhus and spotted fever 
rickettsiae were occasionally susceptible to 
subsequent challenge inoculation when the 
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initial infections had been treated very 
early with aureomycin. 

If early treatment with aureomycin may 
occasionally cause suppression or diminu- 
tion of the immune response following 
rickettsialpox, it seems probable that a 
similar phenomenon should occur in other 
types of rickettsial infections. Information 
on this point is meager at present but there 
is some evidence that aureomycin therapy 
may depress antibody formation following 
Q fever although complete suppression has 
not been noted.” Since the specific diagnosis 
of rickettsial disease is usually made in 
retrospect by serologic tests with acute and 
convalescent phase serums, it is important 
to note that any factor which interferes with 
the immune response may seriously affect 
the diagnosis by serologic methods and 
may even render it impossible. The modi- 
fying effect of antibiotic therapy on the 
clinical pattern has also to be considered 
from the diagnostic standpoint. This is 
illustrated by Case vi of this series in which 
early treatment with aureomycin may have 
been responsible for failure of the secondary 
cutaneous eruption to appear. 


SUMMARY 


A prompt therapeutic response was ob- 
served in eight cases of rickettsialpox 
treated with aureomycin. The results sug- 
gest that treatment with this antibiotic 
should be considered whenever the clinical 
diagnosis of rickettsialpox seems reasonably 
certain. 

In three of the eight patients a detectable, 
specific, immune response following re- 
covery, as determined by the rickettsialpox 
complement fixation test, failed to develop. 
The significance of this finding is discussed. 
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Further Experience in the Treatment of 


Rocky Mountain Spotted Fever 


with Chloramphenicol’ 


Ropert T. PARKER, M.D., ROBERT E. BAUER, M.D., LEONARD M. LIsTER, 
THEODORE E. Woopwarb, M.D. and Howarp E. HALL, M.D. 


Baltimore, Maryland 


HE Original studies on chlorampheni- 

col (chloromycetin®) in experimen- 

tally induced infections demon- 
strated its efficacy as an antirickettsial 
agent.” Clinical studies on scrub,* murine* 
and epidemic typhus*® treated with chlor- 
amphenicol confirmed early impressions 
and led Pincoffs et al.*® to investigate the 
effectiveness of this antibiotic in the therapy 
of Rocky Mountain spotted fever. The 
following report presents further affirmative 
evidence that chloramphenicol is beneficial 
in the treatment of this rickettsiosis. 


METHOD OF STUDY 


Selection of Cases. From May to September, 
1949, sixteen patients with clinical diagnoses of 
Rocky Mountain spotted fever were observed. 
Of these patients thirteen were males and three 
were females; fourteen were white and two were 
Negroes. Nine of the patients were twenty years 
of age or less; five ranged from forty-four to 
fifty years of age. 

Clinical Diagnostic Criteria. The clinical diag- 
nostic criteria adopted for this study were identi- 
cal with those established by Pincoffs et al.® 
Eleven patients recalled having removed an 
attached tick during the two-week period prior 
to their acute illness. The remaining five pa- 
tients had been exposed to ticks during a similar 
period of time. All sixteen patients gave a 
history of persistent daily fever from onset of 
their acute illness until hospitalization. Further- 
more, all patients showed three or more of the 
following secondary clinical features: photo- 


phobia, prominence of headache, tarsal con- 
junctivitis, periorbital edema, partial deafness, 
delirium, splenomegaly and mental dullness. 
In addition, all patients had a rash distinctive 
in character and in distribution of lesions. Each 
patient was studied for the presence of other 
infectious diseases but none was found. 

In all patients, the temperature was recorded 
at four-hour intervals day and night. Tem- 
peratures were considered normal when a 
persistent oral temperature of 99°F. or below was 
reached or when rectal temperature did not 
exceed 100°F. 

Laboratory Diagnostic Tests. Likewise, the 
aforementioned authors’® laboratory diagnostic 
criteria were adopted for this study. Prior to the 
start of specific therapy, guinea pig isolation was 
attempted on fourteen patients. When inocu- 
lated animals developed fever (temperature of 
104°r. or higher for three consecutive days) and 
complement-fixing antibodies (titer of 1:16 or 
higher) transmission of the disease was con- 
sidered successful. Positive isolation was ob- 
tained in ten cases. Positive agglutination for 
Proteus OX19 (titer of 1:160 or higher) was 
found in fourteen patients. All patients’ sera 
were tested for complement-fixing antibodies. 
In eleven patients results were considered posi- 
tive (titer of 1:10 or higher). 

The demonstration of a strongly positive 
reaction in any one of the previously mentioned 
laboratory diagnostic procedures, that is, ani- 
mal isolation, Proteus OX19 agglutination or 

} We wish to thank the Department of Virus and 
Rickettsial Diseases, Army Medical Center, Washington, 


D.C., and the Maryland State Department of Health for 
performing some of these serologic tests. 


+ From the Section of Infectious Diseases, Department of Medicine, School of Medicine, University of Maryland, 
Baltimore, Md. This study was supported by a grant from Parke, Davis and Company, Detroit, Michigan, who also 


furnished the drug. 
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complement-fixation, was accepted as confirma- 
tion of clinical diagnosis. Of sixteen cases com- 
prising this series three were positive in one test 
only,* seven were positive in two tests* and 
six were positive by all three tests. (Table 1.) 


309 
adults, and from 0.75—2 gm. for children). 
Continuous doses given every four to eight 


hours varied from 0.5—1.0 gm. for adults and 
from 0.25-0.75 gm. for children. Three pa- 


TABLE I 


TABULATION OF LABORATORY AND THERAPEUTIC RESULTS IN SIXTEEN CASES OF ROCKY MOUNTAIN 
SPOTTED FEVER 


Maximum 
Pati Isolation Proteus Comple- oh eee Total Duration of 
atient haw & f OX19 Disease Days of Chloram- | Fever after 
No. Treatment | Treatment henicol Start of 
Rickettsiae Agglutina- Fixation 
88. Be 
tion gun (gm.) Treatment 
1 3|M 0 1:160 Positive 5 3 5.5 2.8 
2 8 | M | Positive 1:1280 0 4 1 2:0 7 
3 5 | M | Positive 1:640 Positive ? 6 10.5 6.5 
4 50 |M 0 1:1280 | Positive 5 3.6 16.0 3.5 
5 44 | M | Positive 1:1280 | Positive 7 1.8 73 2.3 
. 6 49 | M | Positive 1:1280 | Positive 8 25 43.25 13 
7 39 | M | Positive 0 0 4 2.8 10 4.8 
; 8 6 | F | Not attempted 1:640 Positive 11 6.5 14.25 2 
9 13 | M 0 0 Positive 7 1 3.0 1 
10 14 | M 0 1:320 Positive 6 1 5.0 7 
11 13 | F | Positive 1:160 Positive 8 6.8 20.75 §.5 
12 6 | M | Not attempted 1:640 0 9 4.5 9.0 6 
13 49 | F | Positive 1:160 Positive 8 3 9 6 
14 23 | M | Positive 1:1280 0 8 3 9 6.5 
15 15 | M | Positive T3520 Positive 5 a 9 2-5 
16 47 | M | Positive 1:640 0 8 6.5 12:5 2.3 


tients received a single dose of 2, 3 and 3 gm., 
respectively. Three patients received dis- 
continuous therapy in the form of a single 
daily dose of 3 gm. for three days. 

On an average, therapy was started on 
the sixth day of disease. Patients on an 
initial and continuous dose schedule re- 
ceived an average of 11.4 gm. of chloram- 
phenicol. In nine patients so treated the 
average duration of therapy was 4.6 days. 

Knowledge of chloramphenicol blood 
levels was not necessary for administration 
of the antibiotic. Although these determina- 
tions were made in the majority of cases, 
concentrations were not known until therapy 


CHLORAMPHENICOL THERAPY 


Chloramphenicol (chloromycetin®) was 
dispensed as 250 mg. Kapseals. ‘Therapy was 
limited to the oral route. Two patients 
required administration of drug by gavage. 
Neither nausea nor vomiting was encoun- 
tered. Patients 6 and 11, who required 
prolonged administration of the drug, 
developed glossitis which disappeared after 
cessation of chloramphenicol treatment. 
One patient developed a mild urticaria 
which disappeared when specific therapy 
was terminated. No other toxic symptoms 
were noted. 

Since the optimal time-dosage schedule 


for chloramphenicol therapy of this ricket- 
tsiosis is not yet known, various schedules 
were employed. In general, approximately 
35 to 75 mg. /kg. of body weight were given 
as an initial loading dose (from 2—3 gm. for 


* Isolation was not attempted on one of these patients. 
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had been terminated. 

Clinical Response to Chloramphenicol Therapy. 
The previously noted striking defervescence 
in Rocky Mountain spotted fever treated 
with chloramphenicol was unquestionably 
confirmed in this series. The average dura- 
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tion of fever after the first dose of antibiotic 
was 4.4 days.* This value is somewhat 
greater than the 2.2 days reported earlier 
from our clinic.* With the realization that 
it is hazardous to compare the degree of 
effectiveness of a chemotherapeutic agent 
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the eruption had receded noticeably after 
two days of treatment but in four critically 
ill patients complete disappearance of the 
eruption did not occur until seven to ten 
days after therapy had been started. Except 
for Patient 6, follow-up examinations two 


Patient RMSF 5Male age 44 
180 Ibs. 


DAY OF DISEASE 


Rickettsiemia 


omprement. 


Ve 


Proteus ox P1160 


WB.C. thousands 7.05 


Fic. 1. Patient 5; the course of Rocky Mountain spotted fever in a moderately 
ill patient who was treated with chloramphenicol. 


in two series of patients observed in different 
years, the variation in average febrile period 
after the beginning of therapy may be 
partially explained by the increased number 
of severe infections and by the greater pro- 
portion of older patients in the present 
series. 

At the end of the first treatment day 
alleviation of symptoms was apparent ex- 
cept for Patient 6. Four patients experi- 
enced relief from their severe, frontal head- 
ache two to six hours after receiving their 
first dose of chloramphenicol. In most cases 

* Patient 6 was not included in the computation of 
these average values. Because of a pyogenic osteomyelitis 
which developed adjacent to an area of extreme gangrene 
over the right tibia, this patient had a prolonged febrile 
course and received large quantities of chloramphenicol 
and 21 gm. of aureomycin. It was believed that inclusion 


of his case in the computation would unduly weigh the 
average values. 


to five weeks after discharge revealed no 
residua. 


Case 5. Typical Response of a Moderately Ill 
Patient Receiving Continuous Therapy: This forty- 
four year old farmer was admitted on the sixth 
day of disease with a history of prostrating 
frontal headache, fever of 102°F., malaise, weak- 
ness and rash. Admission physical examination 
revealed injected conjunctivae, tenderness over 
the frontal region and a non-fixed macular rash 
over the entire body except for the hands, face 
and neck. His cough was productive of bright 
red blood in small amounts. On the seventh day 
of disease chloramphenicol was started, 3 gm. 
initially and 0.5 gm. every four hours. Three 
hours following the first dose his headache disap- 
peared. Two days later, except for a few pete- 
chial lesions, the rash had faded. At that time 
urticaria was first noted and medication was 
stopped, a total of 7.5 gm. having been given. 
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Two days later the urticaria was gone. On both 
discharge and follow-up examinations the 
patient was asymptomatic. The significant 
clinical and laboratory findings are graphically 
presented in Figure 1. 


ably more alert. Four days later he was mentally 
alert, able to sit up with assistance and eating 
well. Convalescence was uneventful. The pa- 
tient’s clinical course is graphically presented in 
Figure 2. 


Patient RMSF 3 Male age 5 


35 Ibs. 
P 103 
p 102 - 
G 
991 ¢ 
h 
os 
6 blood 8° 
y 
n 
dose 39 
total 
10.5 
DAY OF DISEASE 
lRickettsiemia + 
‘fixotion ‘4 Ve he 
Proteus ox |9 = hag 


7.25 9.85 


9.45 8.2 


Fic. 2. Patient 3; clinical response of a severely ill child who received energetic 
supportive therapy as well as chloramphenicol; convalescence was uncom- 


plicated. 


Case 3. Course of Disease in a Critically Ill 
Patient: Patient 3, a five year old boy, was ad- 
mitted on the seventh day of disease with a 
history of persistent fever of 104°F., posterior 
cervical and anterior chest pain and rash on the 
arms and legs. During the two days prior to 
admission he was unable to sit up. Admission 
physica] examination revealed an irritable, semi- 
delirious child with edema of the face, hands and 
feet. There was a pink, hemorrhagic rash over 
the entire body including the palms and soles. 
Immediately, chloramphenicol therapy was 
started, 1.5 gm. initially and 250 mg. every four 
hours. During the first several days of hospitali- 
zation supportive therapy included transfusions 
of whole blood, plasma, saline and glucose in- 
fusions, competent nursing care and a liquid 
diet containing large quantities of protein. After 
the first day of therapy there was slight improve- 
ment. On the third day of treatment, although 
edema of the face remained, the rash was pete- 
chial in character and the patient was consider- 
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Course of Disease in Patients Receiving Single 
Doses of Chloramphenicol. Smadel et al.’ 
have shown that tsutsugamushi disease 
(scrub typhus) can be treated with single 
doses of chloramphenicol. In an effort to 
observe this effect in Rocky Mountain 
spotted fever and to obtain additional in- 
formation pertaining to the minimal cura- 
tive dose, three patients were treated with 
single doses (2-3 gm.) of chloramphenicol. 
Figure 3 illustrates the findings in one of 
these cases. In two of these patients (Pa- 
tients 2 and 10, Table 1) symptomatic relief 
was rapidly obtained even though the 
febrile period was somewhat prolonged 
(seven days). 

Course of Disease in Patients Receiving Single 
Daily Doses of Chloramphenicol. Payne, Sharp 
and Knaudt® have shown that epidemic 
typhus can be treated with single daily 
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doses of chloramphenicol. In the present 
series this therapeutic regimen was utilized 
on a small number of patients with Rocky 
Mountain spotted fever. Patients 13, 14 and 
15 received single daily doses of 3 gm. of 
chloramphenicol on three consecutive days. 
Approximately three hours after adminis- 


105 5 
104 
103 


a return of pre-treatment symptoms, i.e., 
severe frontal headache, backache, ma- 
laise and anorexia. Attempted isolation of 
rickettsiae from blood taken during this 
episode was unsuccessful. Without addi- 
tional therapy, the patient became and 
remained afebrile and asymptomatic. 


Patient RMSF2 Male age 8 
25 Ibs. 


ickettsiemia 4 


Proteus ox 19 


1:1280 


WBC. 
thousands 9.0 


7.0 


Fic. 3. Patient 2; clinical course of Rocky Mountain spotted fever in response 
to a single dose of chloramphenicol (2 gm.) administered on the fourth day 


of disease. 


trauon of the drug blood levels ranged 
from 13.5 to 48 gamma/cc.* Blood levels 
were not determined at longer periods, i.e., 
twenty to twenty-four hours after medica- 
tion had been given. However, it has been 
shown by previous investigators’? that 
twenty-two hours after a 3 gm. oral dose of 
the drug there is no measurable chloram- 
phenicol remaining in the blood. The dura- 
tion of fever after beginning of specific 
medication in these three patients was 6, 
6.5 and 2.5 days. After sixty hours of normal 
temperature Patient 15 had a temperature 
elevation ranging from 101°F. to 102.8°F. 
which lasted for forty-four hours. During 
this febrile period, the patient experienced 


* These determinations were obtained by a modifica- 
tion® of the turbidimetric assay method reported by 
Smith et al.* 


Guinea pig inoculation of pre-treatment 
blood specimens from Patients 13, 14 and 
15 was positive (criteria previously de- 
scribed). Twenty-four hours after adminis- 
tration of one 3 gm. dose to two of these 
patients attempts to isolate rickettsiae were 
unsuccessful. Likewise, isolation attempts 
twenty-four hours after the administration 
of 2 single 3 gm. doses to two patients gave 
negative results. Chloramphenicol blood 
levels were not performed on these specimens. 


Case 13. Course of Disease in a Patient Who 
Received Discontinuous Therapy: Patient 13, a forty- 
nine year old white woman, was admitted on the 
seventh day of disease with a history of malaise, 
weakness, fever, headache, tinnitus and rash. 
On admission the illness was manifested by 
photophobia, mental confusion, partial deafness, 
splenomegaly and maculopapular lesions on the 
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ankles, thighs and wrists. On the eighth day of 
illness the patient received a single 3 gm. oral 
dose of chloramphenicol and subsequent single 
3.0 gm. doses for two days. On the second day of 
therapy the headache had disappeared but the 
deafness had progressed. The following day 
there was considerable symptomatic improve- 


occurred. While the number of treated 
patients is admittedly small, it may be 
concluded nevertheless that chlorampheni- 
col is highly efficacious in the treatment of 
Rocky Mountain spotted fever. 

In the management of severely ill pa- 


Patient RMSF Female age 49 
180 Ibs. 
103 
102 
101 
98 
97 blood 
level 40 
30 
m 20 
10 
t dose 3 
GM 2 TOTAL 
DAY 9.0 
DAY OF DISEASE 
Rickettsiemia + © 
Proteus ox 19 ho 
WB.C. thousands | 9.0 


Fic. 4. Patient 13; clinical response of a forty-nine year old woman to single doses 
(3 gm.) of chloramphenicol daily for three days. 


ment and the rash had become petechial in 
character. Except for persistence of partial deaf- 
ness for two weeks the patient became rapidly 
asymptomatic. The essential findings in this case 
are graphically presented in Figure 4. 


COMMENTS 


In view of the small number of available 
patients, those untreated were not observed 
during our study. However, a series of 
eighty-five patients with Rocky Mountain 
spotted fever treated at the University 
Hospital, Baltimore, during the pre-specific 
treatment years from 1930 to 1945 may be 
used as a basis for comparison. In that 
series the average febrile course in days was 
sixteen, with a range from thirteen to 
twenty-one. The mortality rate was 23.5 per 
cent. In the present group of sixteen cases 
after initiation of treatment the average 
febrile period was 4.4 days and no fatalities 
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tients, sole reliance upon administration of 
this antibiotic is not sufficient. The ex- 
tensive peripheral vascular damage in these 
patients makes parenteral supportive ther- 
apy (i.e., whole blood, plasma, saline and 
glucose) essential. Additional supportive 
measures should include competent nursing 
care and administration, orally or by 
gavage, of a high protein diet. 

In the group of cases herein reported 
chloramphenicol was started on about the 
sixth day of illness, range fourth to eleventh 
day. Regardless of the stage of disease when 
specific therapy was instituted, the clinical 
response was uniformly favorable. The 
duration of treatment in patients receiving 
a large initial dose and subsequent con- 
tinuous doses averaged 4.6 days, range 1.8 
to 6.8 days. Despite the demonstrated 
efficacy of single daily doses of chloram- 
phenicol, this form of therapy is not presently 
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recommended although the results invite 
further testing. Until additional data are 
available it is recommended that patients 
acutely ill with Rocky Mountain spotted 
fever receive the following initial dose of 
chloramphenicol: 0.5 to 1.5 gm. for children 
and 2 to 3 gm. for adults. The antibiotic 
should be given at four- to eight-hour inter- 
vals with the total daily dose approximately 
1.5 gm. for children and 3 gm. for adults. 
Medication may be discontinued after 
twenty-four hours of normal temperature. 

Chloramphenicol blood level determina- 
tions are not essential for following the 
course of disease in Rocky Mountain 
spotted fever. Indeed, although these tests 
were performed on practically all patients, 
in no instance was the concentration known 
until convalescence. 


SUMMARY 


The data on sixteen patients with Rocky 
Mountain spotted fever treated with chlo- 
ramphenicol are presented. Findings in 
these patients confirm previous results that 
the antibiotic is an effective chemotherapeu- 
tic agent for treatment of this rickettsiosis. 
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Plasmacytosis and Hyperglobulinemia 


as Manifestations of Hypersensitivity’ 


A Postmortem Study of Two Cases with Hypersensitivity 
Probably to Sulfadiazine 


‘THEODORE ROBERTSON, M.D. 
New York, New York 


HE pathology of hypersensitivity has 

received much attention during the 

past few years and several clinical 
and experimental studies have been re- 
ported which indicate that plasmacytosis 
(plasma cell hyperplasia) and hyperglobu- 
linemia may be associated with hyper- 
sensitive states.'~° This appeared to be so in 
the two cases now to be described. 

In Case 1 sulfadiazine and penicillin were 
administered in the usual dosages and under 
hospital supervision to a young woman who 
had developed acute peritonitis following 
self-induced abortion. A drug rash and drug 
fever appeared and with continued ad- 
ministration of the drugs sulfonamide crys- 
taluria, hematuria and cylindruria were 
noted. Following this, kidney damage and 
then liver damage became evident. Al- 
though sulfadiazine medication was dis- 
continued, the patient died in kidney 
failure thirty-five days after she first received 
treatment. Postmortem examination dis- 
closed a severe interstitial nephritis, acute 
hepatitis and severe and widespread infil- 
tration of almost all organs by plasma cells. 
The details of the case follow: 


Case 1. This nineteen year old Negress had 
attended the New York Hospital outpatient 
department since the age of ten, when she had 
pulmonary tuberculosis of the childhood type 
which healed without incident. At no time were 
sulfonamide drugs prescribed. During her 
eighteenth year she suffered a head injury and 
was unconscious for a period of days at another 


hospital. In the fall of 1947, at the age of nine- 
teen, she had intercourse on several occasions 
and thereafter noted swelling of her breasts and 
absence of menstruation and believed that she 
was pregnant. On New Year’s Eve, 1947, some 
three months after her last menstrual period, 
she induced an abortion with a douche nozzle. 
The day following this manipulation she had: 
severe lower abdominal pain and passed large 
blood clots from her vagina. Intermittent lower 
abdominal pain and mild bleeding continued 
for two weeks; then she became unable to void 
or defecate and had abdominal pain, chills and 
fever. On January 16, 1948, she presented 
herself at the outpatient department and was 
admitted to the gynecologic service. 
Examination revealed an acutely ill woman 
with fever (39°c.) and tachycardia. The ab- 
domen was diffusely tender and rigid below the 
umbilicus. The cervix was displaced anteriorly 
and an inoculation of the purulent discharge 
from the cervical os grew gonococci on suitable 
media. A tense, tender, fluctuant mass filled 
the pelvis. There was slight anemia and the 
white blood cell count was 32,500. The morning 
after admission a posterior colpotomy was 
performed under gas-oxygen-ether anesthesia, 
the patient meanwhile having been placed on a 
daily regimen of 5.0 gm. of sodium sulfadiazine 
administered intravenously in molar lactate 
infusions and 600,000 units of penicillin given 
intramuscularly. Three separate abscess cavities 
were drained by the operation. Cultures of these 
grew Staphylococcus albus and non-hemolytic 
aerobic streptococcus. Following this the patient 
improved markedly although the tachycardia 
and anemia present on admission continued. By 
the eighth day she was afebrile. The white blood 


* From the Department of Pathology, The New York Hospital-Cornell University Medical Center, New York, N. Y. 
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count dropped from 32,500 to 15,000 during the 
first eleven days. Differential counts throughout 
her illness always showed a good neutrophilic 
response without abnormal cells. Intravenous 
sodium sulfadiazine was stopped on the fourth 
day after admission and she was then given oral 


the patient received two small transfusions 
without reaction. However, sulfonamide crystals 
continued to appear in her urine together with 
red cells and hyaline casts. The rash subsided 
only to reappear on the twenty-third day as a 
diffuse, maculopapular, intensely pruritic erup- 


TABLE I 
CLINICAL COURSE IN CASE I 


Days after admission: - 18 | 19 |} 20 | 21 | 22 
Blood: 
Hb. gm. % 11.0 
W.B.C. (000) 6.8 9.8/40.0 


Protein gm. %, A/G 


Icterus index 
NPN mg. % 
Uric acid mg. % 
Sulfadiazine level mg. % |11.0 


Urine: 
Sulfa crystals + | No + 
R.B. No | No + 
Casts No | No + 
Other 
Treatment: 
Streptomycin (gm.) 
Penicillin (1000 units) 600 | X | 160 600 
Sulfadiazine (gm.) 6.0 
p.o. 


25 | 26 | 27 | 26 | 29 | 31 | 32133 | 


10.3] 9.3 
.3/34.8/22.6 
2391 220) 1.9) 128 
30 | 67 48 | 40 | 36] 33 
35 1 35 67 | 99 | 116] 124 
223 5.4] 6.3] 6.7] 8.9 
6.6 17 
No No | No | No | No} No | No | No | No} No 
No +/+) +]+]No|]No] +] + 
bile alb.| alb.| alb.} alb.| alb. 
X 11200; Xj Xi xi KI ATA 
iv. 


sulfadiazine (6.0 gm. daily) and sodium bi- 
carbonate in addition to penicillin (160,000 
units daily) intramuscularly, except on the 
eighth and ninth days when no sulfadiazine was 
administered. 

On the twelfth day after admission pelvic 
examination under anesthesia revealed patency 
of the drainage wounds, no fluctuant masses and 
only adnexal induration. During the next two 
days she had a moderate temperature elevation 
and abdominal tenderness, and red blood cells 
and sulfonamide crystals were found in her 
urine. On the fifteenth day she had a shaking 
chill followed by tachycardia and a fever to 
41.2°c. Up to this time the blood sulfonamide 
values had ranged between 7.2 and 9.5 mg. per 
cent. The fever subsided over the next two days 
and on the eighteenth day was normal, coinci- 
dent with the appearance of a fine pruritic rash 
on her extremities, sulfonamide crystaluria and 
a blood sulfonamide value of 11.0 mg. per cent. 
During this episode the white blood cell count 
fell precipitously from 22,000 to 10,000 and then 
to 7,000 and the hemoglobin to 9.5 gm. per cent. 
Sulfadiazine medication was discontinued and 


tion over the entire body. On this day also her 
temperature rose to 40.5°c. and thereafter was 
elevated until shortly before her death. (Table 
1.) Intramuscular streptomycin therapy was 
instituted on the twenty-fourth day and the 
patient was placed in an oxygen tent. Chest 
X-rays were normal, there was no peritoneal 
tenderness and pelvic examination was un- 
revealing. Peri-orbital edema appeared on the 
twenty-sixth day and_ persisted thereafter. 
Ascitic fluid accumulated. Sodium sulfadiazine 
was reintroduced intravenously on the twenty- 
seventh day. Oliguria, jaundice and _ biliuria 
developed. Blood serum proteins were low. 
(Table 1.) Later laboratory studies revealed 
uremia and serum globulin values that in- 
creased during the last six days of life to a value 
of 3.2 gm. per cent. Physical examinations and 
numerous x-rays failed to reveal localized 
inflammation. Wangensteen drainage and trans- 
fusions did not effect relief. The uremia rapidly 
progressed and severe albuminuria and hema- 
turia continued despite cessation of sulfadiazine 
medication. Although the temperature fell 
gradually, tacycardia persisted and a gallop 
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Fic. 1. Case 1. Acute necrosis of the liver with massive plasmacytic infiltration about a central vein, 
necrosis of parenchyma cells and partial collapse of the reticulum framework; hematoxylin and 


eosin stain, approximately 90 X. 


Fic, 2. Case 1. Higher magnification of the kidney lesion. (Fig. 3.) Note the swollen cells in Bowman’s 
capsule and the granularity of the tubular cells; hematoxylin and eosin stain, approximately 450 X. 


rhythm was present on _ several occasions. 
Finally, diffuse peripheral edema developed and 
then signs of bronchopneumonia. On _ her 
thirty-fourth hospital day her temperature, 
which had been almost normal, rose suddenly. 
She had severe epistaxis, became semi-comatose 
and expired. 

Postmortem examination (autopsy No. 12752 
performed ten hours after death) revealed a 
generalized scaling of the skin most marked on 
the dorsum of the forearms. There was also 
severe generalized edema, particularly of the 
lower extremities. The sclerae were yellow. The 
abdomen was protuberant, distended by 2,100 
cc. of clear yellow ascitic fluid with a specific 
gravity of 1.017. There were many firm adhe- 
sions between loops of bowel in the pelvic 
cavity and here also were a few small areas of 
fibrinous exudate over peritoneal surfaces. The 
uterus was about twice normal size and soft. 
Both Fallopian tubes were thickened and the 
ovaries were adherent in the posterior cul-de-sac 
where there was an abscess 2 cm. across from 
which about 1 cc. of pus was obtained. Staphylo- 
coccus albus was cultured from this material. 

There were 300 cc. of yellow fluid in the right 
pleural cavity and 350 cc. in the left. No thymic 
tissue was identified; the mediastinal lymph 
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nodes, however, as well as most of the other 
nodes of the body were enlarged and soft. No 
pleuritis or pericarditis was found. The heart 
was small (200 gm.) and appeared normal. The 
lungs together weighed 800 gm. and a frothy 
fluid oozed from the cut surface. The spleen was 
enlarged (250 gm.) and very soft and red. One 
small white infarct was evident. The liver was 
enlarged (1,920 gm.), yellowish-brown and 
very soft, the parenchyma bulging beyond the 
capsule when the organ was cut. The biliary 
system was normal as was the gastrointestinal 
tract. The pancreas and adrenals appeared 
unremarkable. Each kidney, however, weighed 
230 gm. and appeared swollen. The cortices 
were pale and widened and there were promi- 
nent red streaks in the pyramids. The pelves 
and ureters were unremarkable and the bladder 
wall was only slightly hemorrhagic and rough- 
ened. The bone marrow was red and firm and 
no skeletal changes were noted. The brain and 
meninges appeared unremarkable in the gross 
but two small areas of softening were seen in a 
section through the pons. Culture of heart’s 
blood taken postmortem was sterile. 
Microscopic examinations revealed a severe, 
generalized dissolution of the liver elements. 
The hepatic cord cells around each central vein 
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Fic. 3. Case 1. Spread of the plasmacytic infiltration in the kidney out along blood vessels 
to glomeruli. Note the granularity of the cytoplasm of the tubular epithelium, and the 
protein precipitate in Bowman’s space and in the lumens of the tubules; hematoxylin and 
eosin stain, approximately 90 X. 

Fic. 4. Case 1. Perivascular cuffing in the capsule of a lymph node by cells of the plasma- 
cytic series. Most of the plasma cells are immature and many exhibit nucleoli. This lesion 
was seen in many organs; erythrosin-azure-methylene blue stain, approximately 700 X. 


were for the most part absent, although a few 
necrotic cells in various stages of lysis were 
found. There was only moderate collapse of the 
reticulum framework. The necrosis of paren- 
chymal cells extended up toward the portal 
areas in a haphazard and intermittent fashion. 
(Fig. 1.) No regenerating cells were found. 
There was inspissated bile in some canaliculae. 
Plasma cells infiltrated both portal and central 
areas; this will be more fully described later. 
No micro-organisms were found in the liver 
with either the Giemsa or Levaditi stains. 

The kidney was diffusely infiltrated by leuko- 
cytes, mostly plasma cells. The glomeruli were 
relatively undamaged although many tufts were 
swollen and exhibited an increased number of 
nuclei. An eosinophilic granular material often 
occupied Bowman’s space. (Fig. 2.) The 
proximal and distal convoluted tubules were 
eosinophilic and finely vacuolated but not 
necrotic. The vasculature of the kidney was 
normal except that in areas of intense interstitial 
infiltration the arteriolar walls were slightly 
thickened and granular. 

The plasmacytosis in this case was most 
marked in the liver, kidneys and lymph nodes; 
it was, however, also prominent in the heart, 


skin and spleen, and plasma cells were found in 
almost all of the other tissues. They were col- 
lected about blood vessels, suggesting a peri- 
arteritis or periphlebitis, but spread into adjacent 
tissue, notably in the heart and in the kidney 
where the infiltration extended along blood 
vessels to and around glomeruli. (Fig. 3.) The 
cells varied from mature, well differentiated 
plasma cells through intermediate forms to 
more or less primitive cells. The mature cells 
were about 12 micra in longest diameter with 
eccentric nuclei, the chromatin of which was 
clumped at the periphery. The cytoplasm was 
abundant and moderately basophilic with 
hematoxylin and eosin stain, was sometimes 
vacuolated and often had a perinuclear, clear 
area. Binucleate cells of this type were seen 
infrequently. The less differentiated cells were 
usually larger with an eccentric vesicular 
nucleus and a nucleolus. The most primitive 
cells were also large with a centrally located 
large vesicular nucleus containing a nucleolus 
and with basophilic slightly granular cytoplasm. 
Intermediate stages between these extremes 
were readily found. Occasional lymphocytes 
and polymorphonuclear leukocytes were seen in 
these accumulations but generally were found 
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in blood vessels where cells of the plasmacytic 
series were uncommon. Very few actively 
phagocytosing cells were seen. The perivascular 
nature of the lesion was striking in the capsule 
of the lymph nodes (Fig. 4) and adrenals; 
nowhere was definite necrosis of vessel walls 
apparent. There was, however, a trabeculitis 
in the spleen. The collagen network of some of 
the trabeculae was broken and infiltrated by 
neutrophilic polymorphonuclear leukocytes. 

The Malpighian follicles were largely ob- 
scured and there was a slight increase in the 
fibrous tissue about the arterioles of the follicles. 
Cells of the plasmacytic series were scattered 
throughout the organ as were, to a much lesser 
extent, cells of the myeloid series. The micro- 
scopic appearance of the infarct was in no way 
unusual. In addition to the capsular accumula- 
tions about lymph nodes the body of the nodes 
was diffusely infiltrated with plasmacytic cells. 
Although the nodes were enlarged, the char- 
acteristic follicular appearance of hyperplastic 
nodes was absent and plasmacytic cells were 
scattered in the apparent follicular centers, 
through the cords and in the peripheral sinuses. 
There were no tumor-like accumulations of 
plasma cells in the nodes or elsewhere. The 
vertebral marrow was not particularly hyper- 
plastic but showed active hematopoiesis of all 
elements including scattered plasma cell forma- 
tion. Skin from the abdomen showed slight 
hyperkeratosis with slight plasmacytic peri- 
vascular infiltration in the deeper layers. Small 
focal interstitial collections of mature and 
immature plasma cells were found in the 
myocardium and in the epicardial fat adjacent 
to the myocardium. Occasional myocardial 
fibers showed dissolution and basophilia. (Fig. 
5.) The vertebral bone marrow was moderately 
hyperplastic and cells of the plasmacytic series 
were present in addition to normal elements. 

There was a small area of decidual reaction 
in the uterus with surrounding chronic endo- 
metritis but no retained placenta. The lungs 
contained some precipitated protein and scat- 
tered hemosiderin-laden macrophages in the 
alveolar spaces, and slight plasmacytic infiltra- 
tion of alveolar walls. 

The major final diagnoses were: Infected 
abortion with pelvic abscesses and peritonitis, 
largely healed. Hypersensitivity reaction, due 
probably to sulfadiazine, and characterized by 
plasmacytosis of many viscera, notably kidney, 
liver, lymph nodes and _ spleen, interstitial 
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Fic. 5. Case 1. Interstitial myocarditis with plasma- 
cytic infiltration and degeneration of individual 
myocardial fibers; hematoxylin and eosin stain, ap- 
proximately 240 X. 


nephritis with uremia, and acute massive 
necrosis of the liver with jaundice. 


Case 11 was a youth who was treated with 
sulfadiazine for bronchopneumonia and 
apparently recovered completely within a 
week. About a week later, however, fever 
recurred and with it some back pain and 
he was hospitalized. Because it was thought 
that he had active rheumatic fever with 
subacute bacterial endocarditis, he received 
massive doses of penicillin for four weeks. 
Severe anemia, which failed to respond to 
any therapy, was noticed early in the 
course, and jaundice and other evidences of 
liver damage appeared as did a striking 
hyperglobulinemia. The patient died in 
liver failure almost six months after the onset 
of symptoms. Postmortem studies revealed 
a subacute hepatitis, interstitial nephritis 
and massive plasmacytic infiltration of 
many of the viscera similar to that of the 
preceding case. 


Case 11. This fourteen year old Negro boy 
cut his finger during the Christmas vacation 
of 1946. The wound became infected and healed 
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only after a physician treated it with an oint- 
ment. On January 12, 1947, the patient was out 
of school with a “chest cold’ which cleared 
without treatment. He returned to school after 
four days and resumed strenuous track athletics. 
Three days later (January 19th), he developed 
chest pain and cough and his physician made 
a diagnosis of left bronchopneumonia for which 
he prescribed oral sulfadiazine. Within forty- 
eight hours the fever had disappeared and 
treatment was stopped. On January 23rd the 
fever recurred and sulfadiazine medication was 
resumed. The fever subsided within twenty-four 
hours. It is not known when the sulfonamide 
medication was stopped. On February 2nd, 
however, the patient’s temperature rose to 
102°r.; he had severe pain in the right lower 
back and hip and was admitted to a local 
hospital the following day. 

On admission his temperature was 102.6°F., 
pulse 136, respirations 28 and blood pressure 
116/64. His heart appeared to be enlarged, with 
a systolic thrill and murmur at the apex and a 
questionable presystolic murmur in this area. 
The liver was palpable. No other significant 
physical findings were noted. 

Laboratory findings (Table 1) revealed a 
severe anemia and no leukocytosis. The urine 
was normal. Blood cultures taken on that day 
and on the two succeeding days grew Strepto- 
coccus viridans. The sedimentation rate was 
increased. Roentgenograms of the chest, pelvis 
and right hip were read as negative. The impres- 
sion was that the patient had active rheumatic 
fever, with subacute bacterial endocarditis 
although there was no evidence of embolic 
phenomena. Massive penicillin therapy was 
instituted on the third hospital day and in the 
following twenty-six days he received 29 million 
units of penicillin intramuscularly. Apparently 
he received no further sulfonamide medication 
for the duration of his life. Blood cultures taken 
on the sixth hospital day and thereafter showed 
no growth. His temperature rose to 103°F. on 
the first three days, then gradually fell to normal 
by the eighth day and remained so. Early in the 
penicillin regimen he developed a leukopenia 
as low as 2,900 white cells per cu. mm. with a 
depression in all elements. There was also an 
intermittent eosinophilia as high as 12 per cent. 
Despite repeated whole blood transfusions he 
continued to be severely anemic. There is no 
mention of the condition of the platelets during 
this period. An electrocardiagram shortly after 


admission revealed a P-R time of 0.15 and low 
T waves. 

Two weeks after admission the spleen was 
thought to be enlarged and a sternal marrow 
aspiration at this time was interpreted as indi- 
cating toxic depression of all elements. On a 
meat-free diet his stools were benzidine-positive. 

The prothrombin time was greatly prolonged 
twenty-four days after admission and within a 
month liver damage was severe. (Table 11.) No 
sickling of the red blood cells was evident at this 
time. During his second month of hospitalization 
two electrocardiograms were interpreted as 
indicating severe myocarditis. 

Since anemia continued despite transfusions 
and since the spleen remained palpable, the 
latter was removed on April 16th, seventy-two 
days after admission. The spleen measured 10 by 
15 by 8 cm. and had a fleshy appearance, with 
prominent follicles. After the operation his tem- 
perature rose to 103°r. and thereafter he had a 
daily elevation above 102°r. for fourteen days. 
The icterus index rose to 20. X-rays indicated 
postoperative atelectasis of the right middle 
lobe and penicillin therapy was re-instituted, 
although blood cultures were negative. A bone 
marrow aspiration done a month after splenec- 
tomy was considered essentially normal. Evi- 
dence of liver damage continued. On June 5th, 
after four months of hospitalization, the boy 
was still severely anemic with a reduced number 
of blood platelets and a normal white count. 
There was slight albuminuria. At this time he 
was transferred to the New York Hospital. 

On examination at this hospital prominent 
pale striae were seen in the skin of the shoulders, 
flank and thigh, although he said he had not 
lost weight. There were a few petechiae on his 
right forearm and chest and his breath had a 
“sweet” odor. The blood pressure was 130/80 
and the pulse 100. An apical systolic cardiac 
murmur was heard. The liver was apparently 
enlarged and not tender. Neurologic examina- 
tion was normal. A twenty-four-hour prepara- 
tion revealed marked sickling of the red blood 
cells. There was a macrocytic hyperchromic 
anemia; the white cell count and differential 
were normal but the platelets were diminished 
in number. An Osgood-Haskins test revealed a 
trace of Bence-Jones’ protein but the usual heat 
test was negative. These studies were prompted 
by the unusual serum protein findings. On three 
occasions the total serum proteins were found 
to be markedly elevated. This was due to 
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Fic. 6. Case u. Subacute necrosis of the liver. Two nodules of regenerated parenchymal cells are 
seen in the upper corners of the picture with massive plasmacytic infiltration of the necrotic area 
in the lower portion; Giemsa stain, approximately 90 X. 

Fic. 7. Case u. Same area as Figure 5 stained by the Foot and Foot method for reticulum and 
showing the disorganization of the architecture, approximately 90 X. 


hyperglobulinemia, the globulins being 10.7, 
11.2 and 9.5 gm. per 100 cc. in three deter- 
minations. No further studies were made of this 
protein. The thymol turbidity test was positive, 
the prothrombin time prolonged and there was 
moderate jaundice. The serum cholesterol was 
60 mg. per cent with esters representing 41.5 
mg. per cent. Blood cultures were negative 
until those taken on the last two days of life 
grew E. coli communis in all media inoculated. 
The electrocardiogram was normal except for 
slight left axis deviation and tachycardia. The 
phenomenon of sickling was readily demon- 
strated in this patient. Examination of blood 
from his mother, grandmother and sister, how- 
ever, failed to reveal sickling. 

Extensive x-ray studies failed to clarify the 
problem. Films of the skull and barium studies 
of the entire gastrointestinal tract were un- 
remarkable. There was a small shadow of pleural 
thickening in the right costophrenic angle. 
Films of the long bones, entire spine and hands 
revealed trabecular markings which were coarse 
and prominent. In addition, two osseous defects 
were noted. One was irregular in shape and 


involved the lateral aspect of the distal end of 
the right tibia. The other was a small punched- 
out area on the medial surface of the distal end 
of the left femur. In neither area was there soft 
tissue reaction. The lesions were regarded as 
bone cysts by the radiologist and no suspicion 
of myeloma or of malignancy was entertained. 
Further hematologic studies revealed that the 
anemia was hyperchromic and both macrocytic 
and microcytic. Ascites appeared. 

While these investigations were under way 
the patient suddenly became much sicker and 
his temperature rose. It was believed that he 
was developing pneumonia so penicillin was 
administered. Treatment previous to this had 
consisted of vitamin K and repeated trans- 
fusions of whole blood. He died with bleeding 
from the nose and mouth on June 28th, the 
morning after the first day of fever and roughly 
six months after the onset of symptoms. 

Postmortem examination (autopsy no. 12464 
performed twelve hours after death) revealed 
yellowness of the sclerae and pale striae of the 
skin over the shoulders, chest, abdomen, back 
and thighs, although the body seemed well 
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nourished with no other signs of wasting. There 
was a long, large keloid in the skin of the left 
abdomen at the operative site. A large, right, 
indirect inguinal hernia was filled with fluid 
which was easily expressed back into the 
abdomen. About a liter of chylous fluid was 
found in the abdominal cavity with no evidence 
of peritonitis. The spleen was absent and the 
site of the hilar resection was well healed. Each 
pleural cavity contained 150 cc. of clear yellow 
fluid. Twenty-three gm. of thymic tissue and a 
few slightly enlarged lymph nodes were found 
about the great vessels of the upper medi- 
astinum. The heart weighed 220 gm. and 
appeared perfectly normal in all respects with 
no evidence of healed rheumatic or bacterial 
lesions. The lungs were heavy, weighing 1,450 
gm., and there were scattered subpleural 
hemorrhages in all lobes. Edema fluid leaked 
from the bronchi and cut surfaces and scattered 
areas of the latter had a firm, glossy appearance, 
especially in the lower lobes. The hilar and 
bronchial lymph nodes were enlarged and red. 
The liver was also enlarged, weighing 2,000 
gm., and was yellow with tiny, round, more 
intensely yellow, well circumscribed nodules 
scattered beneath the capsule. Raising the 
capsule on the inferior surface were two similar 
nodules, the larger being 1 cm. in diameter. 
Cross-section of the firm parenchyma revealed 
many nodules which were from 0.5 to 3.0 mm. 
in diameter and were scattered in a haphazard 
fashion. The parenchyma around the larger 
vessels were depressed. The intra- and extra- 
hepatic biliary system was normal. There were 
obvious dilated thin-walled veins beneath the 
esophageal mucosa. The mesentery was edema- 
tous as were the prominent, markedly enlarged, 
reddish lymph nodes here and about the pan- 
creas. In fact, all the lymph nodes examined 
were moderately to greatly enlarged, fairly soft 
and mottled red on section. The kidneys to- 
gether weighed 390 gm. and were pale with 
slightly swollen cortices. There were bright red 
streaks in the pyramids. The pelves, ureters and 
bladder were normal. The marrow of the 
vertebral bodies, sternum, ribs and skull was 
pale red and of normal consistency. The osseous 
defects in the lower extremities were not 
examined. The brain appeared slightly edema- 
tous, weighing 1,400 gm., but was otherwise 
normal on gross and microscopic examination. 
Culture of the heart’s blood taken postmortem 


grew E. coli. 
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Fic. 8. Case nu. Plasmacytic infiltration about a glo- 
merulus; arteriole and thin-walled vein in the kidney. 
There is a small amount of precipitated protein in 
Bowman’s space. Some of the endothelial cells of the 
glomerular membrane are swollen; hematoxylin and 
eosin stain, approximately 280 X. 


The microscope disclosed subacute massive 
necrosis of the liver, interstitial nephritis and 
plasmacytosis. The architecture of the liver was 
greatly distorted by areas of necrosis and 
collapse of the reticulum framework as well as 
by areas of regenerating liver tissue, some only 
the size of a high power field. (Figs. 6 and 7.) 
The most striking change, however, was the 
massive leukocytic infiltration which was com- 
posed almost exclusively of plasma cells, 
although scattered polymorphonuclear leuko- 
cytes were found around necrotic liver cord 
cells. This plasmacytic infiltration did not 
extend into the regenerating nodules and was 
most common as a “‘cuffing”’ in the portal zones 
of original lobules. The infiltration was largely 
interstitial and not intrasinusoidal; it did extend 
down into the lobules and around the central 
veins but to a lesser extent. Accompanying this 
there was a dropping out of many liver cord 
cells and degeneration and coagulation necrosis 
of others with a collapse of lobules and a 
consequent loss of architecture. In fact, few 
normal liver cells were found. Reticulum stains 
best revealed the lobular collapse and trichrome 
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Fics. 9 to 12. Case 1. These are photomicrographs of lymphoid tissue taken from the thymic 
region (anterior mediastinum) and demonstrate the formation of plasma cells. Figure 9 
(approximately 50 X) shows a lymphoid nodule with a center containing primitive cells 
and more mature cells appearing peripherally. The edema of the tissue is striking. The 
cellular details are shown in Figures 10 to 12; all erythrosin-azure-methylene blue stain. 
Figure 10 shows many mature and a few immature plasma cells in a peripheral sinus. The 
large cell is apparently a macrophage; approximately 810 X. Figure 11, taken from near 
the center of the follicle, shows primitive cells in the lower right corner with increasing 
maturity of the plasma cells to the left and above these. Lymphocytes are also present; 
approximately 810 X. Figure 12, taken from the periphery of the follicle, depicts imma- 
ture and mature plasma cells with one mature binucleate cell. The vacuolization of the 
cytoplasm and the characteristic clumping of chromatin in the nucleus of the more mature 
cells are clearly visible; approximately 1,380 X. 


stains showed that a moderate amount of 
collagenous tissue had already been deposited. 
Canaliculae with inspissated bile were infre- 
quent. The kidney changes were not spectacular 
although there was an extensive leukocytic 
infiltration, the chief cell of which was the 
mature plasma cell. Here again the infiltration 
was perivascular and periglomerular for the 
most part (Fig. 8), but the glomeruli and vessel 


walls were normal except for slight thickening 
and eosinophilic granularity. Some tubules were 
crowded by infiltrate and the convoluted 
tubular cells were slightly swollen. Many col- 
lecting tubules in the medulla contained 
desquamated cells and here the capillaries were 
congested. No true casts were seen. 

Lymphoid tissue was in a sense transformed 
into an organ producing plasmacytes. Although 
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the lymph nodes were enlarged they did not have 
the usual hyperplastic appearance. Instead, 
the sinuses were distended and contained many 
red blood cells. In general, relatively few 
lymphocytes were present and the cortex and 
medullary cords were largely composed of 
plasma cells which also crowded the sinuses. 
Most of these were typical mature plasma cells; 
occasionally a binucleate cell was seen. (Fig. 
12.) Focal plasma cell formation was indicated 
and several stages of development could be 
recognized. Apparent progression was traced 
from large, primitive “‘reticular” cells to large 
cells with slightly basophilic cytoplasm and 
more or less centrally located large nucleus with 
slightly clumped chromatin and with nucleoli. 
Next slightly smaller cells with eccentric nuclei, 
more clumped chromatin, nucleoli and similar 
_ cytoplasm were seen. Finally, there were typical 
adult cells which in this case predominated. 
Large and small lymphocytes were also present 
but no mitotic figures were seen. In a section of 
lymphoid tissue taken from the thymic region 
but not showing Hassall’s corpuscles this produc- 
tion was evident and had almost completely 
replaced the lymphocytes. (Figs. 9 to 12.) With 
an erythrosin-azure-methylene blue stain, the 
extreme basophilia of the plasma cell cytoplasm 
was most clearly demonstrated. The vessels of 
the capsule of the adrenals and lymph nodes 
were cuffed with plasma cells. (Fig. 13.) Sections 
of marrow from vertebrae, sternum and skull 
showed moderately active hyperplasia of the 
normal elements, especially of the erythroid 
series and scattered immature and mature 
plasma cells, some of the latter being binucleate. 
Perivascular plasmacytic infiltration was seen 
also in other organs. 

Sections of the spleen revealed a few mature 
plasma cells indiscriminately scattered through 
the section. The red pulp was largely obscured 
by laked red cells and hemosiderin. The follicles 
contained large, pale germinal centers and their 
cytology was unremarkable. 

Throughout all tissues there was intravascular 
precipitation of protein which was unusual in 
the large size of the granules formed. This was 
most striking in the lungs where the protein of 
the edema fluid precipitated either as large 
granules or, in other areas, agglomerated with 
intra-alveolar hemorrhages to form solid sheets 
which evidently accounted for the glassy appear- 
ance seen in the gross. Sections of the heart were 
entirely normal. Many of the red cells seen 
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Fic. 13. Case m. Perivascular cuffing in the capsule of 
a lymph ncde by plasma cells, similar to Figure 4 in 
Case 1. The plasma cells here are, in the main, mature. 
Compare with the small lymphocyte and young poly- 
morphonuclear leukocyte in the lumen of the vessel; 
hematoxylin and eosin stain, approximately 700 X. 


within vessels in the various sections assumed a 
form similar to sickled cells. 

The major final diagnoses were: hypersensi- 
tivity reaction (possibly due to sulfadiazine); 
subacute massive necrosis of the liver with 
ascites, edema of the lungs and jaundice; plasma- 
cytosis with hyperglobulinemia; interstitial ne- 
phritis; anemia; thrombocytopenia; sicklemia. 


COMMENTS 


The anatomic demonstration of diffuse 
plasmacytic infiltration associated with he- 
patitis, interstitial nephritis and interstitial 
myocarditis in the first case in which the 
history was strongly suggestive of hyper- 
sensitivity to sulfadiazine led to a re-evalua- 
tion of the second case in which the anatomic 
findings were so similar. ‘The latter had been 
at first regarded as an atypical multiple 
myeloma and it required a careful review 
of the clinical chart and the report from the 
first hospital to elicit the history as pre- 
sented. Although the relationship of in- 
creased globulin formation to multiple 
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myeloma and to chronic and acute infec- 
tions is well known, no reports of hyper- 
sensitivity in man associated with extensive 
plasmacytosis and increased globulin forma- 
tion were found in a search of the literature 
at the time. Then Teilum’s papers on par- 
amyloidosis, Boeck’s sarcoid and dissemi- 
nated lupus erythematosus appeared.®’ In 
these Teilum enlarged upon his hypothessi 
of allergic hyperglobulinosis in the patho- 
genesis of these diseases and briefly pre- 
sented several cases. One of these was that 
of a nine year old child who died of Letterer- 
Siwe’s disease six and one-half years after a 
severe reaction to vaccination against small- 
pox, and the other was that of a fifty-eight 
year old man who died in uremia more than 
twenty months after sulfonamides had been 
administered in the treatment of pneumonia. 
In both instances there had been an increase 
in serum globulins during life and at autopsy 
plasma cellular infiltrations were prominent. 
In the latter case the lesion at autopsy was 
paramyloidosis of the kidney, spleen, liver 
and myocardium and was regarded by 
Teilum as probably secondary to hyper- 
sensitivity to the sulfonamide. Later during 
the preparation of this report Carter’s case 
of plasmacytosis and hyperglobulinemia in 
trichinosis was published.* 

Although the lesions in the cases under 
discussion are attributed to hypersensitivity 
to sulfadiazine, it must be noted that both 
patients also received penicillin over long 
periods and that a reaction to penicillin can- 
not be rigidly excluded. Although cutane- 
ous reactions to penicillin are well known, a 
search of the literature has revealed no 
autopsied cases of hypersensitivity with 
similar lesions following its use. 

In the first case the probability of hyper- 
sensitivity was realized by the clinicians late 
in the course although its importance es- 
caped them. In the second case, we must, if 
we are to indict a sulfonamide as the eti- 
ologic agent, either suppose that there had 
been exposure to a sulfonamide drug at some 
time before the fatal illness, that the oint- 
ment used in healing the initial wound was 
a sulfonamide ointment, or that intermittent 
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administration of the drug for a period of 
only a few days brought on the florid re- 
sponse. It is also necessary to presume that 
the allergic response, once initiated, pro- 
gressed without further stimulation by added 
antigen. This phenomenon, however, is not 
unknown in the field of allergy as Burnet 
shows in his monograph® using the measles 
experience of the Faroé Islanders and yellow 
fever as examples. When we consider that 
poultry often receive sulfonamides in their 
feed as a prophylactic measure and that the 
sulfonamides are indiscriminately employed 
by physicians and laity alike, it is evident 
that most people are exposed to these drugs 
in one way or another. Sulfonamide 
ointments are extremely prone to produce 


hypersensitive reactions, as Sulzberger, 
Kanof, Baer and Lowenberg’ have 
demonstrated. 


Pathology and Pathogenesis. Hageman and 
Blake'® and Goodman and Levy'! were 
among the first to suggest hypersensitivity as 
a factor in the reactions of individuals to 
sulfonamides. Rich and Gregory’? demon- 
strated the similarity between the lesions of 
serum sickness in rabbits and serum and 
sulfonamide hypersensitivity reaction in 
man. Experimental studies have revealed 
that sulfonamides bound to proteins have 
antigenic properties.'* The various reports 
of human and animal sensitivity to sulfona- 
mides'*~'* have described all of the lesions 
found in these cases except that of plasma- 
cytosis. Rash, fever, anemia, leukopenia and 
hemorrhages are classical findings. Hepati- 
tis, interstitial myocarditis and interstitial 
nephritis are common but the previous 
descriptions of the cellular exudate in these 
organs fail to reveal the plasma cell as the 
predominant cell type. Most of the reported 
cases are of illnesses of a short duration, as 
short as five days in several instances, and 
so would be expected to show more acute 
lesions, so-called anaphylactic responses. In 
the first case presented here the patient 
lived for nineteen days after drug fever 
appeared; in the second case the illness per- 
sisted for six months. In many infectious 
processes plasma cells do not appear in the 
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exudates until the lesion has existed for a 
period of days or until healing is apparent. 
Several authors have described a slight 
plasmacytic response in cases of sulfonamide 
hypersensitivity in which the symptoms ex- 
isted for several weeks. French'® described 
as the predominant cell in his series an 
‘acidophilic histiocyte,”” many of which 
were to him distinguishable from plasma 
cells only by their acidophilic cytoplasm. 
In the cases under discussion the older 
plasma cells had a rather eosinophilic, homo- 
geneous cytoplasm with the hematoxylin 
and eosin stain but had typical basophilic 
cytoplasm with Giemsa or erythrosin-azure- 
methylene blue stains. It is notable that the 
plasmacytic accumulations in the more 
acute case were composed of fewer mature 
cells than in the more chronic case in which 
most of the plasma cells were mature. Per- 
haps a plasmacytic response is an indication 
of relative chronicity of the lesion in hyper- 
sensitivity as well as in infectious processes. 
In the second case an eosinophilic response 
was prominent early in differential periph- 
eral blood counts. 

The hepatitis in the more chronic case 
was subacute with many foci of regenerating 
liver cells, and the patient died of liver 
failure. Although this has not previously 
been reported, acute hepatic necrosis such 
as that seen in the first case has been ob- 
served. The necrosis of liver cells may repre- 
sent a direct antigen-antibody response or 
may be secondary to vascular damage but 
as yet there is no experimental evidence to 
support either theory. The myocarditis of 
the first case is typical except for the type 
of cellular infiltration. Similar myocarditis 
may have been present in the second case 
early in the course when electrocardio- 
graphic changes were evident and may then 
have healed by resolution leaving no scarring 
of the myocardium, since it is generally held 
that the myocarditis of sulfonamide hyper- 
sensitivity is reversible. The absence of 
changes in the myocardium and valves at 
the time of autopsy would seem to indicate 
that there had been no rheumatic fever or 
bacterial endocarditis at the time when the 
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blood cultures grew streptococci. The inter- 
stitial nephritis in both cases is also charac- 
teristic except for the cellular response. In 
the first case oliguria and uremia led to the 
fatal termination. Trabeculitis in the spleen 
was first described by More, McMillan and 
Duff'* and was evident in this case. It 
probably occurs as a consequence of a 
vascular lesion. Examination of available 
sections of the surgically removed spleen in 
the second case failed to reveal any note- 
worthy lesions. Perivascular cuffing by 
leukocytes has been described in sulfona- 
mide hypersensitivity by most investigators 
and often accompanies vascular necrosis. 
Generalized vasculitis may be an acute 
response on the part of the patient as it is 
commonly seen in cases of very short dura- 
tion. No vascular necrosis is evident in these 
cases but such lesions may have existed 
earlier. The perivascular accumulation of 
plasmacytic cells is prominent. The ‘“‘granu- 
lomatous” lesions described by More et al.*® 
are not apparent. 

Hyperglobulinemia, Plasmacytosts and Hyper- 
sensitivity. Hyperglobulinemia was a promi- 
nent feature of the second case and in the 
first case the serum globulins were increas- 
ing at the time of death. The association of 
plasma cell myeloma and Bence-Jones pro- 
teinuria was known and investigated for 
many years. With the ability to study serum 
proteins in the clinic the fact became ob- 
trusive that increased or abnormal serum 
globulins are associated with a large number 
of conditions in which plasma cells accumu- 
late. The Scandinavian workers, beginning 
with Bing,’ have made the majority of ex- 
perimental and clinical investigations of the 
relationship between hypersensitivity, hy- 
perglobulinemia and plasmacytosis. The 
most extensive of these is that of Fagraeus* 
which presents a comprehensive survey of. 
the literature with many of her own detailed 
in vivo and in vitro studies. Bjorneboe, Gorm- 
sen and Lundquist? found an _ intense 
plasmacytic infiltration (without accom- 
panying myocarditis, hepatitis or nephritis) 
in a number of internal organs of rabbits 
after long-continued hyperimmunization 
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with pneumococcus vaccines. From the 
experimental evidence now available it may 
be assumed that proliferation of cells of the 
plasmacytic type is associated with the pro- 
duction of antibody globulins, and proba- 
bly with abnormal globulins. That these are 
the only cells so concerned has not been 
proved. Whether the antibody globulins are 
produced by immature or mature plasma- 
cytic cells or by both is still conjectural. 

In the first case presented here the blood 
sulfonamide level on the day before death 
was 17.4 mg./100 cc. so that in this case also 
ample antigen was present even at this time 
to stimulate plasmacytosis and _hyper- 
globulinemia as well as nephritis, hepatis 
and myocarditis. In the second case no exo- 
genous antigen in the form of sulfonamides 
had been received by the patient for almost 
five months before death. The evidence that 
sensitivity to sulfadiazine was responsible for 
the plasmlcytosis, hyperglobulinemia and 
organic damage is suggestive but incomplete. 

Fever, anemia, leukopenia and eosino- 
philia were present immediately after the 
second treatment with sulfadiazine; liver 
damage and myocarditis become evident 
within a month. The plasmocyte response 
and the level of serum globulin at this time 
are unknown. Marked hyperglobulinemia 
was evident when first investigated three 
and one-half months after treatment and 
persisted throughout the remainder of the 
illness. Massive plasma cell infiltration was 
evident at autopsy. If the sulfadiazine was 
responsible, it must be assumed that Re 
plasma cell reaction persisted for months 
after the withdrawal of the drug. Immuno- 
logically it is necessary to assume that anti- 
body formation continued after the original 
offending antigen had disappeared. The 
possibility that this sequence may occur 
with other antigens has been suggested by 
Burnet.® Possibly the chief reason for con- 
sidering this a reaction to an antigen, in this 
case to sulfadiazine, rests on the large 
amount of. experimental work in animals 
which shows that plasmacytosis and nyper- 
globulinemia are responses to a great variety 
of antigenic stimuli. 
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Origin of the Cells. In these cases the 
plasmacytic cells apparently developed from 
primitive cells in the lymph nodes, bone 
marrow and spleen, and possibly in other 
sites, but no generalizations concerning the 
origin of plasma cells are permissible from 
this study. 

Differential Diagnosis. ‘The differentia- 
tion between plasma cell myeloma and 
massive plasmacytosis is difficult, as was 
shown in Carter’s case of trichinosis and 
plasmacytosis, and in Case m. In many cases 
the distinction will be readily determined. 
The difficulties in interpretation of border- 
line cases, however, are present during life 
and even after postmortem examination. A 
sternal aspiration or a tissue biopsy exhibit- 
ing proliferation of plasma cells is often con- 
sidered diagnostic of myeloma regardless of 
the morphology of the cells present. When 
essentially normal cells of the plasmacytic 
series are found in moderate numbers along 
with normal marrow elements in a case ex- 
hibiting anemia and hyperglobulinemia, it is 
wise to consider a diagnosis of plasmacytosis 
before applying the ominous label of multi- 
ple myeloma. Whether the plasmacytosis of 
hypersensitivity may lead to plasma cell 
myeloma remains to be proved. 

It is only by careful evaluation of the 
history and of the histologic findings that a 
definite diagnosis may be made. Although 
the histologic differentiation between these 
two conditions cannot be fully discussed 
here, some of the points that may aid the 
investigator are these. In plasmacytosis 
there is a non-neoplastic distribution of the 
plasma cells in an infiltrative rather than 
an invasive manner. Tumor masses are not 
found in the bone marrow or viscera. 
Leukostasis in the blood vessels, especially 
in the lung, liver, spleen and kidneys, is not 
apparent. Abnormal (neoplastic) forms are 
not present. Finally, the whole spectrum 
of the development of the plasma cell, in- 
cluding typical mature cells, can be found 
in lymph nodes, spleen and bone marrow. 

We have observed in this laboratory a 
considerable number of autopsied cases in 
which hypersensitivity, hyperglobulinemia 
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and plasmacytosis have played a part in the 
patient’s illness. There have, however, been 
no other autopsies presenting the combina- 
tion of plasmacytosis and the other extensive 
and fatal lesions present in the two cases 
described here in the 7,000 postmortem 
examinations made at the New York 
Hospital since 1932. In none of the eleven 
cases of multiple myeloma autopsied during 
this period has there been a history sug- 
gestive of hypersensitivity. 


SUMMARY 


The clinical and postmortem findings in 
two cases of probable hypersensitivity to 
sulfadiazine have been presented. One pa- 
tient survived for more than five months 
after the onset of symptoms whereas the 
other survived only nineteen days. The 
lesions in both cases consisted in the main of 
widespread plasmacytosis, hepatitis and 
interstitial nephritis. The case with the 
longer survival had marked hyperglobu- 
linemia during life. This patient died of 
liver failure and the other of kidney failure. 
In neither case was the diagnosis of hyper- 
sensitivity fully appreciated during life. 
The relationships of hypersensitivity, hyper- 
globulinemia and plasmacytosis are dis- 
cussed, along with the difficulties in differ- 
ential diagnosis of the disease processes in 
which they occur. These are the first cases 
to be presented in which sulfonamide drugs 
have been indicted as probably responsible 
for extensive plasmacytosis and hyperglobu- 
linemia in addition to the lesions commonly 
seen in sulfonamide hypersensitivity. 


Acknowledgment: The autopsy in Case 1 was 
performed by Dr. Marjorie Allen, who deter- 
mined the essential nature of the disease 
processes. The photographs were prepared by 
Mr. Julius Mesiar. The sections of the spleen in 
Case 11 were made available by Dr. Arthur R. 
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Relationship of Bone Marrow Plasmacytosis 
to the Changes in Serum Gamma Globulin 
in Rheumatic Fever’ 


Ropert A. Goon, and BERRY CAMPBELL, PH.D. 


Minneapolis, Minnesota 


LTHOUGH Swift and his co-workers,! 
among others, long ago pointed out 
that leukocytosis of the peripheral 

blood could be used as an index of disease 
activity in rheumatic fever, little work has 
been done to define in detail the condition 
of the hematopoetic tissues in this disease. 
Neither the commonly occurring anemia? 
nor the consistent leukocytosis* observed in 
rheumatic fever has provoked quantitative 
studies of the bone marrow in children with 
this disease. Eosinophilia of the peripheral 
blood has been reported to occur frequently 
in patients with chorea* and erythema 
multiforme but has not been reported in 
patients with active rheumatic fever. Mild 
to moderate plasmacytosis of the peripheral 
blood occurring one to three weeks after 
the onset of scarlet fever has been described® 
and it has been shown to be more frequent 
and quantitatively greater in patients de- 
veloping ‘“‘complications” following strep- 
tococcal disease than in those escaping 
sequelae.® Impressive evidence*—'* has ac- 
cumulated indicating that the group A 
streptococci or their products are somehow 
involved in the chain of events leading to 
clinically recognizable rheumatic fever. 
Studies of the specific antibodies against 
streptococci and the soluble antigens pro- 
duced by them,'*~?® as well as studies of the 
serum gamma globulin,’’ in patients de- 
veloping rheumatic fever have provided 
corroborating evidence of the association 
of streptococcal disease and rheumatic 


New York, New York 


fever. In addition these studies have indi- 
cated that the elaboration of antibodies and 
the release into the blood of significant 
increments of gamma globulin are often, 
if not regularly, taking place during the 
acute exudative phase of this disease. Not 
infrequently the production of gamma 
globulin is pronounced. 

In an attempt to define the character- 
istics of the bone marrow in rheumatic 
fever, streptococcal pharyngitis and chorea, 
as well as to gain evidence on the relation- 
ship of the bone marrow alterations to 
elaboration of antibodies and release of 
gamma globulin in these diseases, the follow- 
ing studies were carried out. 


MATERIALS AND METHODS 


Aspiration biopsies of the sternal bone marrow 
were performed on twelve normal children, 
twenty-two children with acute rheumatic fever, 
fifteen convalescent from rheumatic fever, six 
with inactive rheumatic fever, eight with acute 
Sydenham’s chorea, six convalescent from 
chorea, six with acute streptococcal pharyngitis 
and three convalescent from this disease. Serum 
gamma globulin levels estimated by Kunkel’s'’ 
ZnSO, turbidimetric method were obtained at 
least once on all these children and at weekly 
intervals during the acute phase of the rheu- 
matic fever and chorea. The use of this rela- 
tively simple method of estimating gamma 
globulin levels is justified by the good agreement 
of the results with those obtained by electro- 
phoresis, as shown by Kunkel and confirmed 
in our laboratory. 


* From the Department of Pediatrics and Anatomy, University of Minnesota, Minneapolis, Minn., and the Hospital 
of The Rockefeller Institute for Medical Research, New York, N. Y. 
t Helen Hay Whitney Foundation Fellow in Rheumatic Fever Research. 
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The “normal” children studied comprised a 
group of patients admitted to the Pediatric 
Service at the University of Minnesota Hospitals 
for surgical correction of minor congenital 
anomalies (squint, cleft palate, indirect inguinal 
hernia), for study of psychogenic behavior 
problems or for investigation of acyanotic con- 
genital heart disease. All of these children were 
otherwise entirely well at the time of study. 
None had suffered recently or were suffering 
from respiratory infection which could be dis- 
covered by careful medical history, thorough 
physical examination or routine laboratory 
studies of the blood and urine. The patients 
with acyanotic heart disease chosen for study 
were those who had shown no evidence of 
growth disturbance nor any physical deficiency 
in consequence of their anomalies. 

The patients included in the category of 
inactive rheumatic fever were children with a 
cleancut history of past rheumatic disease who 
showed evidence of organic heart damage as a 
residuum of the previous illness but were per- 
fectly well at the time of study and had been 
free of recognizable infection during the two 
months prior to the time of sampling. 

The major rheumatic manifestations recorded 
in the patients with active rheumatic fever 
included migratory polyarthritis, subcutaneous 
nodule formation, characteristic carditis and 
chorea; while the minor manifestations were 
fever, elevated erythrocyte sedimentation rate, 
leukocytosis, epistaxis, erythema marginatum, 
erythema nodosum and erythema multiform. In 
most of the patients the erythrocyte sedimenta- 
tion rate exceeded 90 mm. in one hour (Wester- 
gren) and in only one patient, a five year old 
child in heart failure, was the sedimentation 
rate below 50 mm. in one hour. No patients 
were included unless at least one major mani- 
festation and two minor manifestations were 
obviously present. Most of the patients studied 
had at least two major and three minor manifes- 
tations. Serial bone marrow biopsies as well as 
serial determinations of serum gamma globulin 
were obtained on as many of these rheumatic 
children as was possible. Of the twenty-two 
original patients suffering from acute rheumatic 
fever, we were able to follow fifteen throughout 
their disease to rheumatic quiescence. 

The patients included in the group designated 
‘streptococcal pharyngitis” were children suffer- 
ing from acute sore throat with fever, moderately 
elevated erythrocyte sedimentation rate and 
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leukocytosis, and from whose throats large 
numbers of 6-hemolytic streptococci were cul- 
tured. Two of these six patients had scarlet 
fever. In only three of the six was it possible to 
obtain a second bone marrow biopsy two or 
three weeks after subsidence of the pharyngeal 
angina. 

No medications were given to any of the 
children before the initial marrow biopsy was 
obtained or the initial blood sample drawn. The 
patients suffering with acute rheumatic fever 
were treated with moderate, symptom-relieving 
dosages of salicylates during the period of 
clinical activity of the rheumatic episode. The 
patients who had chorea were treated with bed 
rest and moderate dosages of barbiturates as 
needed. The children in the convalescent and 
inactive rheumatic fever groups received no 
medication during the course of the study. 
Following the initial bleedings and bone marrow 
biopsies the patients with streptococcal pharyn- 
gitis were treated either with intramuscular 
injections of aqueous penicillin G or with orally 
administered sulfadiazine in therapeutic dosages 
until the symptoms of infection had abated. 

All bone marrow biopsies were taken from the 
body of the sternum with a Klima-Rosegger”® 
type needle. This needle has the advantage over 
other needles used for sternal biopsy of having 
an adjustable metal guard which serves at once 
to provide a grip for insertion of the needle and 
to protect the patient against accidental pene- 
tration of the inner lamella of the sternal bone. 
Such a needle is virtually essential for satis- 
factory studies of bone marrow in children. 
Upon gaining entrance to the marrow cavity 
a 5 cc. syringe was attached to the needle and a 
negative pressure, produced by withdrawing 
the plunger of the syringe to the 3 cc. mark, was 
applied while 0.1 cc. of marrow was aspirated. 
A tiny sample of the marrow so obtained was 
smeared on a clean glass slide to prepare a 
smear of tissue like that shown in Figure 1. The 
advantages of this preparation for quantitating 
the less abundant marrow elements are obvious. 
Using a small sample of marrow with none of 
the marrow overlapping the edges of the glass 
slide, a satisfactory sampling of the tissue can be 
accomplished by the use of counts which are 
technically feasible. The marrow was fixed by 
whipping the slides rapidly in the air and stain- 
ing was done with the Wright-Giemsa com- 
bination of Downey. 

Figures for the relative percentages of the 
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bone marrow elements were obtained from 
counts of 500 cells from each marrow. Because 
it is universally recognized that quantitative 
evaluation of the less abundant marrow elements 
is hazardous unless large numbers of cells are 
counted, the scheme employed for quantitation 


Fic. 1. Diagrammatic representation of the bone mar- 
row smears on the microscopic slide as used for esti- 
mating the relative number of marrow cells and the 
number of plasma cells. Arrows indicate part of smear 
in which counting is done and the figures indicate the 
numbers of nucleated cells counted in each area. 


of the plasmacytes was to record the total 
number of plasmacytes per 5,000 nucleated 
marrow cells counted. Two thousand cells were 
counted across the feathered end of the smear, 
2,000 along the longitudinal axis and 1,000 
across the base of the preparation. (Fig. 1.) In 
this way the irregularities of cellular distribution 
due to smearing the tissue are well compensated 
and the plasmacyte counts obtained are repro- 
ducible and appear to be highly reliable. 
Differential studies of the plasmacytes en- 
countered during the process of the 5,000 cell 
counts were also recorded. In Figure 2 are 
illustrated examples of the several types of 
plasmacytes observed in the bone marrow of the 
patients with rheumatic fever. 

The terminology used in this paper represents 
a modification of the terminology used in our 
previous publications in order to attain agree- 
ment with that suggested by the Committee for 
Clarification of the Nomenclature of Cells 
and Diseases of the Blood and Blood-forming 
Organs. The term plasmablast used here refers 
to the same cells we?! previously called plasma 
cellular reticulum after Rohr. Proplasma- 
cytes are the same cells we have previously 
called reticular plasma cells. The large, medium 
and small plasmacytes are those previously 
called large, medium and small plasma cells, 
respectively. 


RESULTS 


In ‘Table 1 is recorded a summary of the 
relative percentages of the various cellular 
elements found in the bone marrows of these 


patients. The results obtained in this study 
are compared to the normal values given 
for adults by Wintrobe.”* It would appear 
from these data that the bone marrow of 
normal children in the age group studied 
differs little from that of normal adults. It 
would further seem that the marrow of 
children with acute rheumatic fever is not 
strikingly different from that of normal 
children or normal adults in most respects. 
This finding is somewhat surprising in view 
of the well known alterations in the periph- 
eral blood in this disease. The tendency 
shown for the myeloid-erythroid ratio to be 
slightly increased in patients with both 
rheumatic fever and acute streptococcal 
pharyngitis is, however, in keeping with the 
observed alterations in the peripheral blood 
in these diseases. 

No significant variations in either the 
morphology or the relative percentages of 
eosinophiles was noted in any of these 
groups of patients. Careful examination of 
the original data revealed, however, that 
four patients, each with an erythematous 
skin rash, showed eosinophilia of the bone 
marrow. Because of additional co-existent 
symptomatology three of these patients, one 
with erythema nodosum and two with 
erythema marginatum, were included in 
the rheumatic fever group while one with 
erythema multiforme was included among 
the patients with streptococcal pharyngitis. 

One consistent difference between the 
bone marrow of rheumatic patients and 
that of the normal children is, however 
clearly apparent from these data. In 
children with active rheumatic fever an 
increase in the number of bone marrow 
plasmacytes regularly occurs. A non-signifi- 
cant trend in the same direction appears in 
the streptococcal pharyngitis group. Normal 
numbers of plasmacytes, on the other hand, 
are characteristic of the bone marrow in 
patients with uncomplicated Sydenham’s 
chorea and inactive rheumatic fever. A 
more exact and extensive study of the bone 
marrow plasmacytes is to be seen in Table 
11 in which the mean numbers of plasma- 
cytes per 5,000 nucleated marrow cells for 
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: Fic. 2. Representative plasmacytes taken from the bone marrow of a patient with acute rheumatic 
fever. This figure illustrates the sequence of cellular development in the plasmacyte line; (a) is a 
plasmablast; () an early proplasmacyte; (c) a late proplasmacyte; (d) a large mature plasmacyte; 
(e) a medium-sized mature plasmacyte ; (f) illustrates one of the plasma cell variants observed in the 
marrow of rheumatic children, a plasmacyte with Russell bodies. 
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each group of patients is recorded. It may 
readily be seen that an increase in bone 
marrow plasmacytes occurs in acute rheu- 
matic fever and in patients convalescent 
from streptococcal pharyngitis. A consistent 
tenfold increase in the numbers of plasma- 
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and inactive Sydenham’s chorea show no 
deviation from the normal plasmacyte con- 
tent of their marrows. A slight plasma- 
cytosis of borderline significance occurs 
during streptococcal pharyngitis which is 
followed by what appears to be a more 


TABLE I 
RELATIVE NUMBERS OF CELLS IN BONE MARROW 
Normal Acute Ss 1 I 
Children Rheumatic Acute Chorea Rhe Wintrobe’s”? 
2.5-15 yr. Fever (7 cases) ( Normal Adults 
Cell Types (13 cases) (15 cases) oe eee 
Mean| Range | Mean} Range | Mean| Range | Mean| Range | Mean| Range | Mean; Range 
% % % % % % % % % % % % 
1.25) 0.7— 2.2] 0.97) 0.6- 1.5} 0.91] 0.8- 1.0} 1.30] 0.6- 1.8] 1.00] 0.4- 1.4) 2.0] 0.3- 5.0 
Promyelocytes......... 4.50) 3.0- 6.0] 3.59) 2.2- 5.8} 3.28] 2.0- 4.0] 4.30] 3.6- 5.6) 3.73] 1.8- 4.8} 5.0] 1.0- 8.0 
Neutrophile myelocytes......... 16.33) 8.4-23.4] 13.50} 8.0-17.6| 12.80]10.2-14.0] 16.83) 9.0-21.2] 13.95]10.6-19.0} 12.0 | 5.0-19.0 
Eosinophile myelocytes.........| 2.02) 0.8- 3.6] 2.70] 0.4— 1.60] 0.4— 2.4] 2.03) 0.8- 3.6] 0.97] 0.4- 1.2] 1.5 | 0.5- 3.0 
Basophile myelocytes........... 0.48) 0.0-— 1.4] 0.22} 0.0- 0.8} 0.29] 0.0- 0.6} 0.43} 0.2- 0.8] 0.27] 0.0- 0.4) 0.3 | 0.0- 0.5 
Neutrophile metamyelocytes. .. . . 30 .10/21.8-35.8| 26.06/19.0-33.4| 25.9 |21.4-31.2) 33.03/28.4-38.2| 26.50/24.2-30.0] 22.0 |13.0-32.0 
Eosinophile metamyelocytes. . . . . 1.51] 0.6— 2.6] 1.90) 1.2- 3.8] 1.30] 0.4— 2.2] 1.93] 0.2—- 6.0] 1.33] 0.6—- 3.0] .... |......... 
Basophile metamyelocytes....... 0.32} 0.0- 1.0) 0.13] 0.0- 0.4) 0.25] 0.2- 0.4] 0.30} 0.0- 0.6] 0.63] 0.0- 1.0] .... |......... 
Mature neutrophiles...........) 10.20) 3.7-14.6| 16.68] 9.8-25.8| 13.34] 7.0-17.8| 14.16] 4.2-24.2) 15.63]11.6-21.6| 20.0 | 7.0-30.0 
Mature eosinophiles............ | 1.15) 0.4— 2.2) 1.45] 0.2- 3.5] 1.39] 0.6- 2.6] 1.30} 0.2— 3.6} 0.83) 0.0- 2.0] 2.0 | 0.5- 4.0 
Mature basophiles............. 0.28) 0.0- 0.6] 0.27) 0.2- 0.4] 0.32) 0.2- 0.6} 0.28] 0.0- 0.8} 0.33] 0.2- 0.8} 0.2 | 0.0- 0.7 
.. 10.08} 4.4-17.0) 11.13) 5.6-21.0) 14.20/11.4-19.0) 8.10] 4.6-13.8]) 11.50} 8.4-16.6] 10.0 | 3.0-17.0 
Plasma cells................... 0.41) 0.0- 1.0) 4.04) 2.5- 7.2) 0.31] 0.2- 0.8] 0.90] 0.6- 1.2) 0.53} 0.2- 0.4 | 0.0- 2.0 
Reticulum cells and monocytes. . .| 1.66) 0.4— 3.0) 1.27) 0.2- 2.2} 1.46] 0.6- 2.0} 1.40) 0.4- 2.4) 1.03) 0.4- 1.4) 2.2 | 0.7- 7.0 
Megakaryocytes............... | 0.43) 0.2- 1.0} 0.36) 0.0- 0.43) 0.2- 0.6] 0.27] 0.2- 0.4) 0.40) 0.0- 1.2) 0.4 | 0.3- 3.0 
Pronormoblasts................ 1.96] 0.6- 3.0} 1.26) 0.4—- 1.8] 1.43] 0.8- 2.0] 1.63] 0.6- 2.6) 1.90] 1.0- 3.0} 4.0] 1.0- 8.0 
Normoblasts.................. 17.27|11.0-21.0) 15.23) 6.4-26.0} 20.54)15.8-22.8] 12.65] 9.2-18.0} 19.03/16.4-25.4| 18.0 | 7.0-32.0 
TABLE II 
SERUM GAMMA GLOBULIN AND BONE MARROW PLASMA CELLS IN RHEUMATIC FEVER 
, Total Plasma Cells per 
Gamma Globulin gm. % —_| 5 999 Nucleated Marrow Cells 
Clinical Description Age in | No. of 
P Years | Cases 
S.E. of S.E. of 
Mean} Range | S. D. Mean | Range | S. D. 
Normal children.............. 2%-15 12 0.78 |0.62-1.05| .13 .04 | 19.8 | 11-32 8.7 2.5 
Acute rheumatic fever......... 5-13 22 1.85 |1.11-2.54) .47 .10 170.0 | 98-320 | 54 135 
Convalescent rheumatic fever... 5-13 15 0.86 |0.70-1.11} .11 .03 | 39.1 | 18-75 14.8 3.8 
Active Sydenham’s chorea...... 6-11 8 -| 0.86 |0.70-1.02) .11 .04 | 23.0 | 15-33 6.4] 2.8 
Convalescent Sydenham’s chorea 6-11 7 | 0.78 }0.59-1.00) .13 .05 | 24.8 | 17-31 4.7 1.8 
Acute streptococcal pharyngitis. . 3-15 6 | 0.75 0.69-0.92 35.1 | 24-53 
Convalescent streptococcal 
5-7 3 1.13 |1.00-1.31 60.0 | 45-72 
Inactive rheumatic fever....... | 7-19 6 0.76 \0.71-0.86 27.8 | 11-45 


cytes in the marrows of children with acute 
rheumatic fever is shown, while in those 
convalescent from rheumatic fever a return 
toward normal numbers of bone marrow 
plasmacytes is seen. Children with inactive 
rheumatic fever as well as those with active 


significant increase in plasmacytes during 
convalescence from this disease. Among the 
patients in the convalescent stage of rheu- 
matic fever only one showed a significant 
plasmacytosis at the time of study. In 
Table um the studies of serum gamma 
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globulin levels are also summarized. It is 
apparent that the serum gamma globulins, 
like the bone marrow plasmacytes, show an 
elevation only in the patients with active 
rheumatic fever and in those convalescent 
from streptococcal pharyngitis. The con- 


gammaglobulinemia and the degree of 
plasmacytosis. 

In Table tv a differential study of the 
type of plasmacytes present in the bone 
marrow of these patients is reported. It is 
clear from this table that in patients with 


TABLE III 
CORRELATION OF PLASMA CELL COUNT AND LEVEL OF SERUM GAMMA GLOBULIN IN RHEUMATIC FEVER 
Gamma Plasma 
Patient Age| Sex| Globulin Cells per | E.S.R. Major Rheumatic Manifestations 
gm. per cent | 5,000 N.C. 
10 | M 1.11 121 78 | Polyarthritis, carditis 
9|M 4.97 116 52 | Arthritis, pharyngitis 
ai 1.26 92 92 | Polyarthritis, carditis 
4. C.S. 10} F 121 95 | Chorea, carditis 
6|M 1.38 98 106 | Polyarthritis 
6. G. V. 10 | F 1.44 128 82 | Polyarthritis, carditis 
(fo fa 2 5|F 1.44 205 102 | Polyarthritis, carditis 
8. M.S. ot F 1.52 120 20 | Carditis, subcutaneous nodules, heart failure 
9.. &. G. 5| F 1.61 120 126 | Carditis, polyarthritis 
10. G. A. 11 |M 1.61 193 96 | Carditis, polyarthritis, E. marginatum 
11. J. D. 13 | M 1.64 137 101 | Polyarthritis, carditis 
12. B. K. 13 | F 183 100 | Polyarthritis, carditis 
13. EK. A. 10 | F 1.7% 214 86 | Carditis, subcutaneous nodules 
14. S. S. 5|M 1.88 166 104 | Polyarthritis, subcutaneous nodules, carditis 
 &. 12|M 1.99 174 112 | Polyarthritis, carditis 
16. R. E. 16|M 2.99 214 106 | Polyarthritis, carditis 
17. W, 10 | F 2.26 320 98 | Chorea, carditis, polyarthritis 
18. E. A. 12|M 2.32 122 74 | Polyarthritis, subcutaneous nodules, E. marginatum 
19. D. M. 12|M 2.32 144 122 | Polyarthritis 
9|M 2.32 162 98 | Polyarthritis, carditis, E. nodosum 
21. L. N. 14|M 2.54 175 120 | Carditis, polyarthritis 
22. 8. B. 10 | F 2.64 258 96 | Polyarthritis, carditis 
23. R. H. 16|M 2.70 249 126 | Polyarthritis, carditis 


sistent bone marrow plasmacytosis in rheu- 


matic fever is strikingly correlated with the 
consistent elevation of gamma globulin in 
the sera of these patients. In Table m the 
correlation of the magnitude of the gamma 
globulin alterations with the magnitude of 
the plasmacytosis is illustrated. In arranging 
the patients suffering from acute rheumatic 
fever according to increasing serum gamma 
globulin levels, the figures representing total 
plasmacytes in the bone marrow of these 
patients also appear in roughly ascending 
order. These data indicate that in patients 
with rheumatic fever there is a correlation 
both between plasmacytosis of the bone 
marrow and elevation of serum gamma 
globulin, and between the degree of hyper- 
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active rheumatic fever, who have been 
shown to be forming increased amounts of 
gamma globulin, there is an increase in 
both the young and the older plasmacyte 
types. The plasmacyte types present in the 
marrow have approximately the same per- 
centage relationship to each other as occurs 
in the bone marrow of normal children. In 
the group of patients convalescent from 
acute rheumatic fever there seems to be a 
relative preponderance of young cell forms, 
while a return toward the normal relation- 
ship is seen in the patients with inactive 
rheumatic fever. A relatively high per- 
centage of lymphoid plasmacytes seems to 
occur in patients with streptococcal pharyn- 
gitis while fewer mature plasmacytes are 
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seen in the marrows of these patients than 
in any of the other groups. 
In Figure 3 the clinical course of a typical 


patient of this series is depicted. This thirteen 
year old female suffered a severe acute sore 
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ankles. The polyarthritis had migrated to in- 
volve the knees, wrists and left elbow at the time 
of admission. This figure compares the tem- 
perature course, curves for erythrocyte sedi- 
mentation rate and serum gamma globulin to 


TABLE IV 
DIFFERENTIAL COUNTS OF PLASMACYTES FROM BONE MARROW 
. Total Plasma- L PI 
Plasma-| Small | Medium} Large blasts ‘4 
cytes | Plasma- | Plasma-| Plasma-| and 
per cytes cytes cytes | Proplas- | **#8™4- 
5,000 % % % macytes 
N.C. % % % 
ee 12 19.8 10.0 14.6 a3 31.3 11.6 2.0 
Acute rheumatic fever............... 22 170.0 11.4 18.0 30.9 a | 8.7 ai 
Convalescent rheumatic fever......... 15 39.1 6.4 ‘2.3 48.7 1.8 
Inactive rheumatic fever............. 8 27.8 5.4 3.5 27.4 37.0 13.8 i 
Active Sydenham’s chorea............ rf 24.0 aa | 16.6 20.4 35.8 9.6 a7 
Convalescent Sydenham’s chorea..... . 6 24.8 16.5 16.9 3.7 35.5 7.6 0.4 
Acute streptococcal pharyngitis. ...... 3 35.1 8.5 16.8 23 .6 38 .4 16.8 1.4 
Convalescent streptococcal pharyngitis..| 6 60.0 8.8 12.1 | 16.0 3.8 
glob. 
ESR. 
mm/hr 25 
120/- Acute rheumatic fever 
B.M.K. 
100 2.0+- oF 
¥ glob. - 103 
102 
1.5 
401 
PC. 
E.S.R +120 
05 
20+ 8 
7 T T T T T T T T T T T 
0 10 2 40 6 7 80 100 110 120 130 
Days 


Fic. 3. This chart illustrates the clinical course of a patient with acute rheumatic 
fever. Note the relationship of the gamma globulin level (7 glob.) in the serum to 
the clinical activity of the disease as indicated by the temperature (T.) and eryth- 
rocyte sedimentation rate (E.S.R.). The relationship of the globulin level of the 
serum to the number of bone marrow plasmacytes (black bars) is clearly shown. 


throat two to two and a half weeks prior to 
admission to the University of Minnesota 
Hospitals. Three days prior to admission she 
developed hot, red, swollen, painful, tender 


the graph representing the plasma cells in her 
bone marrow during her illness. 

Initially the bone marrow plasmacyte count 
and the levels of serum gamma globulin were 
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both elevated. During the first two weeks of her 
rheumatic episode the gamma globulin con- 
tinued to climb to higher levels, but during the 
third week its rate of increase tapered off. A 
bone marrow biopsy done at that time revealed 
that although the number of plasmacytes was 


Yglob. 
gm.% 
2.0 
ESR. Acute Sydenham's chorea 
mm,/hr. MH. 
80/- 
ij SO00NC. 
¥ glob. 
+160 
120 
0.5- 
ESR 80 


Days 
Fic. 4, Clinical course of patient with acute Syden- 
ham’s chorea. The gamma globulin level of the serum, 
the erythrocyte sedimentation rate and the plasmacyte 
count of the bone marrow remained within normal 
levels throughout the illness. 


still elevated it had returned toward normal. 
With the progressive fall in the gamma globulins 
to normal levels during the succeeding three 
months there was noted a comparable return 
of the plasmacytes of the bone marrow to 
numbers within the normal range. 

In striking contrast to this course is that of the 
patient illustrated in Figure 4. This seven year 
old girl was admitted to the University of 
Minnesota Hospitals with severe acute Syden- 
ham’s chorea. The choreiform movements were 
incapacitating on admission and the child was 
markedly dysphonic. In spite of the apparent 
severity of the chorea, she was afebrile and 
showed neither elevation of erythrocyte sedi- 
mentation rate nor leukocytosis. The plasma- 
cytes of her bone marrow were both numerically 
and morphologically normal, and the serum 
gamma globulin level fell within the normal 
range. 

No significant changes in either the numbers 
of bone marrow plasmacytes or the level of 
serum gamma globulins were seen at any time 
in spite of the striking clinical improvement wit- 


SEPTEMBER, 1950 


active rheumatic fever. Note the marked plasmacytosis. 
Fic. 6. Typical area from bone marrow of normal child. 
Note the absence of plasmacytes. 


nessed during the period of hospitalization. 
Upon discharge from the hospital two and a 
half months after admission this child appeared 
to be completely well, with no evidence of 
rheumatic cardiac injury. The levels of serum 
gamma globulin and the numbers of bone 
marrow plasmacytes were no different at this 
time from comparable measurements obtained 
at the peak of her illness. 


Figure 5 is a photomicrograph of a 
typical area from the bone marrow of a 
patient with rheumatic fever. This may be 
compared with a similar area from the bone 
marrow of a normal child. (Fig. 6.) The 
abundance of plasmacytes distinguishes the 
marrow of the rheumatic patient from that 
of the normal child of the same age. In 
each figure 150 to 200 nucleated marrow 
elements are illustrated. While at least ten 
plasmacytes can be identified in the illustra- 
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Fic. 7. Cluster of plasmacytes from the bone marrow 
of a patient with acute rheumatic fever. The mor- 
phologic characteristics of these developing plasma- 
cytes may be compared to those of a developing normo- 
blast. 


tion of the marrow specimen from the 
rheumatic fever patient (Fig. 5), none are 
to be seen in the comparable normal 
sample. 

In Figure 7 is shown a high power view 
of a cluster of plasmacytes taken from the 
marrow of a patient with acute rheumatic 
fever. Such accumulations of plasmacytes, 
which are not uncommon in the bone 
marrow of rheumatic patients, are rarely 
if ever seen in the bone marrows of normal 
children nor, in our experience, in the bone 
marrow of diseased children having normal 
levels of serum gamma globulin. 


COMMENTS 


It has been shown by the data presented 
above that patients with acute rheumatic 
fever regularly develop plasmacytosis of the 
bone marrow which disappears upon the 
return of the patient to rheumatic quies- 
cence, and that this alteration of the bone 
marrow correlates well with the production 
of gamma globulin in this disease. Evidence 
presented by Anderson, Kunkel and Mc- 
Carty'’ seems to indicate that in rheumatic 
fever, variations in serum gamma globulin 
reflect antibody formation against the 
streptococcus and its products. It would 
then seem likely that the bone marrow 


plasmacytosis which we have observed in 
rheumatic fever could best be explained as 
a morphologic expression of the response 
of the reticulo-endothelial tissues to the 
antigenic stimulation afforded by contact 
with the group A streptococcus and its 
products. To be sure, this plasmacytosis of 
the bone marrow in rheumatic fever is 
neither a specific reaction of the disease 
nor of the tissue being studied in _ this 
investigation but represents a more general 
phenomenon. Both early and recent litera- 
ture attest to the widespread occurrence of 
plasmacytosis in human disease. Further- 
more, in most instances plasmacytosis of 
the bone marrow has proved to be a reflec- 
tion of comparable alterations in other 
organs of the reticulo-endothelial system. 
Study of the spleen, lymph nodes or diffuse 
lymphatic tissue would presumably reveal 
the same plasmacytic response indicated 
by our studies of the bone marrow in acute 
rheumatic fever. 

The concept that plasmacytes play a 
special role in body defense mechanisms is 
an old one, rooted in an earlier speculative 
literature?*"* and fostered by studies of 
Downey,”* Sitko,?® Huebschmann,?’ AI- 
lessio,?* Mas y Magro,”* Miller*®® and others. 
Beginning in 1937 with studies of agranulo- 
cytosis, Bing et al.*!*? established a striking 
positive correlation between bone marrow 
plasmacytosis and hyperglobulinemia in a 
wide variety of diseases. Since Bing’s work 
was begun, many others have supported 
the reality of this relationship on the basis 
of clinical studies.**~*® Simultaneously with 
the initiation of the clinical investigation, 
Kolouch*’ began an experimental investi- 
gation of the relationship of plasmacyte 
formation and antibody production, and 
showed that immunization of rabbits with 
streptococcal antigens is regularly accom- 
panied by the development of bone marrow 
and splenic plasmacytosis. With him, we*® 
further demonstrated that, following ana- 
phylactic shock of rabbits with either 
bacterial or simple protein antigens, the 
development of bone marrow plasmacytes 
from plasmablasts was correlated with the 
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presumed elaboration of specific antibodies. 
In agreement with Rohr it was shown that 
the precursor of the plasmacyte in the bone 
marrow was a derivative of the reticulum, 
and that plasmacytes developed in turn 
from this plasmablast by heteroplastic 
metamorphosis. The development of the 
mature plasmacyte was associated with the 
liberation of globulin and specific antibodies 
into the serum. Meanwhile, Bjorneboe 
and Gormsen*® further linked plasmacytes 
to specific antibody production when they 
found that intensive, prolonged immuniza- 
tion with polyvalent pneumococcus vac- 
cines produced both an unprecedented 
accumulation of antibodies in the serum of 
rabbits and a tremendous plasmacytosis in 
all tissues possessing reticular elements 
capable of mobilization. This work has 
since been confirmed in our laboratory. 
These workers further demonstrated that 
plasmacyte-rich tissues contain an abun- 
dance of specific antibodies. 

Further studies in our laboratory**~* 
indicate that the local ‘‘secondary response”’ 
to an antigen with which an animal has had 
previous contact is characterized by a rapid 
and intense accumulation of plasmacytes in 
the inflammatory exudate. This plasmacytic 
reaction has been shown by Goddard** to 
be a characteristic of the Arthus reaction 
in loose connective tissue as well. Fagraeus*® 
found that not only is the ‘secondary 
response” in the spleen productive of 
marked plasmacytosis and intensive anti- 
body release zn vivo, but that in tissue culture 
the plasmacyte-rich red pulp of the spleen 
produces a surprising amount of antibody 
after such stimulation. Ehrich and co- 
workers‘*® have recently pointed out that 
evidence from study of antibody formation 
by lymph nodes‘”’*8 can now be interpreted 
as evidence for the plasmacyte theory of 
antibody production. This has been made 
possible by their recent studies showing that 
the peak production of antibody by lymph 
nodes corresponds precisely in time with the 
peak of the accumulation of plasmacytes 
and ribose nucleic acid in these structures 
while maximal lymphocytic proliferation 
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and desoxyribose nucleic acid accumulation 
are not reached until antibody production 
is returning toward normal. 

The experimental evidence linking the 
plasmacyte with antibody and gamma 
globulin production is rendered more cred- 
ible by virtue of its agreement with data 
accumulated from clinical studies, particu- 
larly those indicating that the plasmacytic 
malignancies (multiple myeloma, plasma 
cell leukemia and diffuse plasma cell mye- 
losis) are characterized by abnormal pro- 
tein formation and not infrequently by 
marked hypergammaglobulinemia. 

The concept that antibody and gamma 
globulin are produced by plasmacytes is 
given further support by the close correla- 
tion observed in this study between plasma- 
cytic development in the bone marrow and 
gamma globulin production. Of particular 
significance is the striking correlation be- 
tween the slope of the curve of gamma 
globulin accumulations and the degree of 
plasmacytosis shown in Figure 3 and 
observed in other patients of this series. 

In addition to giving support to the 
plasmacyte theory of antibody production 
our data further adds support to the concept 
that acute rheumatic fever follows in the 
wake of infection, presumably with group A 
streptococcus. The elevated levels of serum 
gamma globulin observed regularly during 
the acute phase of this disease followed by 
a return to normal levels during convales- 
cence are certainly in keeping with this 
thesis, while the plasmacytosis of the bone 
marrow serves as a further indication of 
host response to antigenic stimulation in 
rheumatic fever. It would seem from these 
data that uncomplicated Sydenham’s chorea 
differs markedly from acute rheumatic 
fever in respect to alterations of the bone 
marrow and serum gamma globulins. It is 
well known that many laboratory manifes- 
tations which regularly accompany other 
clinical manifestations of acute rheumatic 
fever are absent in chorea. We*”*! have 
recently reported the occurrence of similar 
differences between chorea and acute rheu- 
matic fever with respect to certain acute 
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phase protein reactions, and in the present 
study evidence of additional biochemical 
and morphologic differences between pa- 
tients with chorea and those with acute 
rheumatic fever is presented. It would seem 
reasonable in the light of these findings to 
group data on patients with uncomplicated 
chorea separately from those obtained on 
patients with acute rheumatic fever when 
analyzing biochemical characteristics of 
these diseases, rather than to pool such 
results as is often done.*”*? 

It is of real interest that the bone marrow, 
and the reticulo-endothelial elements in 
particular, show no differences from the 
normal in patients with active and inactive 
chorea and those with inactive rheumatic 
fever. It is obvious that this study has not 
provided an explanation for the genetically 
determined susceptibility to rheumatic fever 
which characterizes these patients and 
members of their families. ** 

The greater production of antibodies 
against streptococcal products and_ the 
greater production of gamma globulin as 
well as the more intense bone marrow 
plasmacytosis in patients who develop 
rheumatic fever than in those who have 
streptococcal infection without sequelae 
pose important problems. Could this be 
evidence that an allergic or ‘“‘secondary” 
response is involved in the pathogenesis of 
rheumatic fever, or is it merely evidence 
that rheumatic fever occurs more often 
following streptococcal infections giving 
strong antigenic stimulation? The findings 
here reported would be compatible with 
either hypothesis. 


SUMMARY AND CONCLUSIONS 


1. Quantitative studies of the bone mar- 
row from normal children and from children 
in various stages of activity of rheumatic 
fever, chorea and streptococcal pharyngitis 
are reported and compared. Simultaneous 
studies of the levels of serum gamma 
globulins in these groups of children are 
also reported. 

2. Plasmacytosis of the bone marrow was 
found to occur regularly in patients suffering 
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from acute rheumatic fever and in patients 
convalescent from streptococcal pharyngitis, 
which is positively correlated with the 
increase in serum gamma globulin demon- 
strated in these diseases. 

3. Normal numbers of bone marrow 
plasmacytes and normal levels of serum 
gamma globulin were found to be char- 
acteristic of normal children, of patients 
with inactive rheumatic fever and of pa- 
tients with chorea. 

4. The relationship of these findings to 
the plasmacyte theory of antibody produc- 
tion and to the streptococcal theory of the 
pathogenesis of rheumatic fever is discussed. 
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Cryptococcosis’ 


A Review with Special Reference to Apparent Association 
with Hodgkin’s Disease 


BENJAMIN R. GENDEL, M.D., Mitron ENDE, M.D. and STAFFORD L. NorMAN, M.D. 


Memphis, Tennessee 


RYPTOCOCCOSIS is a systemic fungus 
infection caused by the Cryptococ- 
cus neoformans, a yeast-like organ- 

ism also known as Torula histolytica. The 
infection shows a predilection for the central 
nervous system but may also involve the 
lungs and the skin. In general, it is con- 
sidered to be a rare disease but in 1941 Bin- 
ford! collected seventy-five cases from the 
literature and since then many additional 
cases have been reported. In addition to the 
many reports of single cases, Reeves and 
co-workers? reported six, and Cox and 
Tolhurst* thirteen patients with cryptococ- 
cal infection. 

We have reviewed the literature since 
Binford’s article and have found reports of 
eighty-eight additional cases. t To these we 
add two of our own to bring the total num- 
ber of cases reported to 165. It should be 
obvious from the large number of recent 
articles that the condition is not as uncom- 
mon as is generally believed. Many cases are 
undoubtedly overlooked because the condi- 
tion is not often considered in the differential 
diagnosis of infections of the central nervous 
system. In addition, as in our cases, the in- 
fection may complicate another disease and 
consequently diagnostic measures may not 

¢ Case 3 in the report of ‘Tinney and Schmidt! is un- 
doubtedly the same as Case 3 of Greening and Menville’s® 


report. Consequently this case is included only once in 
our compilation. 


Petersburg, Virginia 


Memphis, Tennessee 


be sufficiently intensive, particularly when 
the fundamental condition is capable of pro- 
ducing central nervous system complications. 
The causative organism, C. neoformans, 
is a budding fungus, similar to Blastomyces, 
but differs from this organism in its failure 
to produce mycelia on artificial culture 
media. The organism appears in the spinal 
fluid or other infected tissue as a spherical, 
thick-walled, yeast-like structure from 5 to 
20 micra in diameter. Each yeast cell is 
surrounded by a well defined, clear, re- 
fractile capsule and budding forms may be 
found. The organism grows readily on the 
common culture media, including blood 
agar, glucose agar and Sabouraud’s medium. 
For a more detailed description of the my- 
cology of the organism several recent 
monographs may be consulted.*® 
Cryptococcal infections have been re- 
ported from all parts of the world. At one 
time the disease was called European 
blastomycosis to distinguish it from North 
American blastomycosis caused by Blasto- 
myces dermatitidis. The disease is also de- 
scribed under the names of torulosis and 
cryptococcosis. Most of the cases have been 
reported from the United States but recently 
many cases have been described in South 
Africa’ and Australia,*:!°~! pointing to the 
widespread distribution of the condition. 
Several naturally occurring infections in 


* From the Medical Service, Veterans Administration Medical Teaching Group, Kennedy Hospital, Memphis, 
Tenn. Published with permission of the Chief Medical Director, Department of Medicine and Surgery, Veterans 
Administration, who assumes no responsibility for the opinions expressed or conclusions drawn by the authors. 
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animals have been reported!*!" but there 
has been no evidence to show that the 
disease has been transmitted from infected 
animals to man. In addition, transmission 
from man to man is not believed to occur. 
Cryptococci have been found free in nature 
and have been isolated from many plants, 
the bodies of insects, pickle brine and fer- 
menting fruit juices. Benham!* isolated 
cryptococci from the skin of normal in- 
dividuals and compared these strains with 
other strains from patients with clinical 
disease and with cryptococci occurring free 
in nature. These latter non-human strains 
could be differentiated from the crypto- 
cocci of human origin by cultural, mor- 
phologic and serologic criteria. However. 
some of the cryptococci found on the skin 
were similar to strains capable of producing 
disease. 

The disease has been described in all 
races. There is a predilection for males as 
demonstrated by involvement of seventy- 
one males and only thirty-seven females in 
a series collected by Voyles and Beck.'® The 
occurrence in the newborn has recently been 
described by Neuhauser and Tucker.” 
These authors reported three premature 
infants who, within several weeks of birth, 
developed an illness which resembled neo- 
natal toxoplasma infection in that intra- 
cerebral, punctate and confluent calcifica- 
tion was found on skull films. Evidence of 
mild hydrocephalus occurred accompanied 
by hepatosplenomegaly. The condition was 
characterized by early death. All patients 
were found to have diffuse infection with C. 
neoformans and two of the patients showed 
inflammatory and granulomatous lesions 
in the lungs. In their second case C. neo- 
formans was grown from smears of the 
mother’s endocervix. They suggest that the 
infection was acquired during delivery. The 
portal of entry is not definitely known but 
most observers believe that the organism 
usually gains access to the body by way of 
the respiratory tract. This is suggested by 
the presence of lesions in the lungs in a 
significant number of cases. Under other 
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circumstances the organism may enter the 
body by way of the skin.”! 

Central Nervous System. Involvement of 
the central nervous system is by far the most 
common type of infection by C. neoformans. 
This may occur as a meningo-encephalitis 
alone or may be a part of a generalized 
infection. Greening and Menville® collected 
107 cases from the literature and found that 
the central nervous system alone was in- 
volved in eighty-three and the central 
nervous system together with the lung in 
twenty cases. Freeman described three 
types of involvement: (1) a meningeal type 
which is most common and is characterized 
by a diffuse granulomatous meningitis; (2) a 
perivascular form accompanied by small 
granulations or cysts in the cortex and 
(3) an embolic type with deeply placed 
lesions in the cortex. The clinical picture is 
that of a low-grade meningo-encephalitis 
and is characterized by signs and symptoms 
of increased intracranial pressure. Head- 
ache, drowsiness and vomiting are com- 
monly noted. Physical findings are neck 
rigidity, opisthotonos, papilledema, am- 
blyopia, diplopia, nystagmus and paralyses. 
Occasionally a focal collection of crypto- 
cocci may simulate a brain tumor and 
localizing signs may predominate.?* 2425254 
Cranial nerve and peripheral paralyses have 
been described. In some patients a psychosis 
may be the presenting difficulty. Cryptococ- 
cal infection in the newborn may manifest 
itself by multiple intracranial calcifications 
simulating toxoplasmic encephalomyelitis.”° 

The spinal fluid is found to be under in- 
creased pressure. It is usually clear and the 
cell count varies from normal to several 
thousand with an average of 200 to 800 
cells. The predominating cell is the lympho- 
cyte although occasionally a neutrophilic 
pleocytosis may occur.”'?®?7 One cause for 
mistaken diagnosis is failure to recognize 
the cryptococci. These organisms are fre- 
quently confused with lymphocytes or red 
cells. The finding of budding forms should 
immediately indicate the proper diagnosis. 
A most helpful technic is the mixture of the 
spinal fluid sediment with a diluted India 
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ink solution. This causes the organisms to 
stand out characteristically. (Fig. 1.) Stained 
preparations are also of assistance but the 
diagnosis depends chiefly upon culture of 
the organism. Fortunately the organism 
grows readily on ordinary culture media. 
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on May 4, 1948. He was disoriented and inco- 
herent so that an adequate history could not be 
obtained. Apparently he had been well until 
three weeks prior to admission at which time he 
developed increasing debility, incoherence and 
incontinence of urine and feces. A vague history 


TABLE I 
SUMMARY OF SPINAL FLUID FINDINGS AND TREATMENT IN CASE I 
White 
Cell Sugar | Protein 
Date Count | Differential Culture (mg. | (mg. Kolmer ‘Treatment 
(per cu. %) | %) 
mm.) 
5/4/48 102 L60 P 40] Sterile for pyogens| 40 
May 5—May 28, 1948, peni- 
5/11/48 | 104 |L60 P 40| Sterile for pyogens Pos. 0.125 cc. | cillin 50,000 units q. 3 hr.; 
total dose 9,000,000 units 
7/27/48 68 L 41 P 59] C. neoformans 28 100 | Pos. 0.25 ce. 
8/6/48 C. neoformans 28 112 
Aug. 17—Aug. 30, 1948, sul- 
8/17/48 35 ? Sterile 132 fadiazine; blood levels 10—- 
15 mg. per cent 
9/1/48 56 L15 P 85]C. neoformans 126 
9/29/48 90 |L12 P 88|C. neoformans 35 140 Sept. 15—Oct. 11, 1948, mas- 
sive sulfadiazine; blood 
10/8/48 80 P 100 | Sterile 36 120 | Pes. 0.25 cc. | levels 15-22 mg. per cent 
11/15/48 74 L20 P 80 | Sterile 40 176 | Pos. 0.5 ce. 
Dbtfl. 0.25 cc. | Nov. 29—Dec. 7, 1948, peni- 
12/2/48 54 L37 P 63) C. neoformans 30 180 | Pos. 1.0 cc. cillin 1,000,000 units q. 2 
12/6/48 28 L35 P 65 | C. neoformans 37 80 | Dbtfl. 0.5 cc. | hr.; daily dose 12.0 M units 
Dec. 7—Dec. 29, 1948, peni- 
12/14/48 72 L25 P 75] C. neoformans 25 123 cillin 1,000,000 units q. 3 
12/21/48 51 L30 P 70/| C. neoformans 28 154 | Pos. 0.25 cc. hr.; daily dose 8.0 M units 
12/30/48 54 L39 P 611] C. neoformans 42 204 
Jan. 8—Jan. 18, 1949, strepto- 
mycin 2.0 gm. daily intra- 
muscularly 


However, growth may be slow and many 
cases are probably overlooked because of 
failure to observe the cultures long enough. 
A period of four to eight days should suffice 
to produce a positive culture. A single nega- 
tive culture does not rule out the possibility 
of central nervous system cryptococcosis 
because not infrequently in well authenti- 
cated cases of the disease a negative culture 
was obtained interposed between a number 
of positive ones. This was demonstrated in 
our Case 1. Knowledge of this fact should 
also be kept in mind in evaluating therapy. 


Case 1. The patient was a sixty-two year old 
colored man who was admitted to the hospital 
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was obtained of a penile lesion in 1918 and a 
course of weekly injections but the accuracy of 
this information was doubtful because of the 
patient’s mental status. 

The patient was a cachectic colored male. 
His temperature was 101.4°r., blood pressure 
was 130/70. The pupils were irregular and did 
not respond to light. The ocular fundi revealed 
no abnormalities. The heart, lungs and abdo- 
men were normal. The patellar and Achilles 
tendon reflexes were absent bilaterally. 

The admission blood count revealed a red cell 
count of 3.6 million; white blood cells 9,100; 
hemoglobin was 11.1 gm. per cent. The differ- 
ential revealed 85 per cent polymorphonuclear 
cells, 8 per cent lymphocytes, 6 per cent mono- 
cytes and 1 per cent basophiles. The urine was 
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normal except for a faint trace of albumin. NPN 
was 26 mg. per cent. The Kahn test was positive, 
16 units; the Kolmer-Wassermann reaction was 
positive, 64 units; the cardiolipin flocculation 
and complement fixation tests were positive, 16 
and 128 units, respectively. The spinal fluid 
findings are summarized in Table 1. 

A diagnosis of central nervous system syphilis 
was made and the patient was treated with 50,000 
units of penicillin every three hours for a total 
of 9,000,000 units. There was no significant 
change in his condition. In June, 1948, he de- 
veloped an acute episode characterized by 
stupor, dyspnea, orthopnea, fever and a fall in 
blood pressure to 65/45. Symptomatic treat- 
ment with digitalis, oxygen and glucose infusions 
resulted in gradual improvement. On July 27, 
1948, the patient developed opisthotonos and 
neck rigidity. A spinal tap was performed; cul- 
ture of the fluid revealed cryptococci. Sensitivity 
studies showed that the organisms were not in- 
hibited by either 1,000 units of penicillin per cc., 
50 units of streptothrycin per cc. or 100 units of 
streptomycin per cc. The patient had an inter- 
mittent, usually low-grade fever throughout his 
hospital stay. This was uninfluenced by any 
type of therapy. The various forms of chemo- 
therapy utilized are outlined in Table 1. The 
patient died on January 18, 1949. Permission for 
autopsy could not be obtained. 


Lungs. Coincident involvement of the 
lungs has been noted in about 20 per cent 
of the cases. The recent careful studies of 
Cox and Tolhurst* indicate that this inci- 
dence may be too low. They found com- 
plicating pulmonary disease in eight of 
thirteen cases. In six the lesion was found 
to be definitely cryptococcal in origin, in 
two others this was uncertain. Involvement 
of the lung alone is rare but has been re- 
ported by several observers. Sheppe?® is 
credited with the description of the first 
case of solitary pulmonary involvement in 
1924. However, there is some doubt about 
this case. Stiffness of the neck was noted 
but unfortunately a spinal tap was not 
done. At postmortem examination crypto- 
cocci were found in a bronchopneumonic 
area in the right lung; the brain was not 
examined. Solitary involvement of the lung 
was reported by Hardaway and Crawford,”® 
Greening and Menville® and Moody.*° 
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Other cases have been reported with 
primary pulmonary involvement but with 
subsequent spread to the central nervous 
system. 

The pulmonary lesions occur in two 
forms, either as gelatinous masses or as 
fibrotic granulomatous lesions. The first 
group consists of foci of cryptococci which 
have undergone massive proliferation into a 
gelatinous mass surrounded by little reac- 
tion in the tissues of the host. The second 
type reveals a paucity of organisms which 
have produced a granuloma and fibrosis 
without visible gelatinous lesions. 

Skin. Lesions of the skin are usually 
part of a disseminated infection with C. 
neoformans. The most common skin mani- 
festation is an acneiform eruption. Occasion- 
ally this type of lesion may ulcerate and 
exude a purulent material which contains 
the organisms. Wile** reported the occur- 
rence of bluish-black purpuric lesions hav- 
ing a board-like consistency and occurring 
on the lower extremities. Biopsy of the 
lesions disclosed the fungi. Johns and Atta- 
way”! reported a patient in whom a granu- 
loma developed at the site of a razor-cut. 
Cryptococci were isolated from the lesion. 
The patient later died of meningitis. 

Localized Involvement. Occasionally local- 
ized involvement may occur. This has been 
reported in muscle,** the soft tissues of the 
pelvis,®° the tongue,*® and 
elsewhere. Table u lists the pertinent data 
concerning the reported cases. It is signifi- 
cant that despite the grave prognosis in 
other forms of cryptococcosis, all of this 
group recovered despite a variety of forms 
of treatment. The principal danger is dis- 
semination of the infection. 

Disseminated Involvement. In some cases 
the infection may be generalized and involve 
a variety of organs. This is noted par- 
ticularly at postmortem examination. The 
kidneys are not infrequently involved and 
cryptococci have been found in the glomer- 
uli. Organisms have been cultured from the 
urine.?”'*? We were unsuccessful in attempts 
to culture cryptococci from the urine of our 
first patient. The liver, spleen, thyroid and 
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testes have all been involved as part of a 
generalized process. Symptoms related to 
such individual organ involvement are un- 
usual. Lesions of the adrenals have been 
described and adrenal insufficiency has been 
attributed to the infection.** Bone lesions 
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hospital on July 23, 1948. The patient stated 
that in October, 1944, he developed swelling of 
the right axillary lymph nodes. Subsequently 
enlargement of the inguinal and cervical nodes 
developed. In June, 1947, a biopsy of a cervical 
lymph node and a skin lesion of the right 


TABLE II 
REPORTED CASES OF LOCALIZED INFECTION WITH C. NEOFORMANS 
Author Race | Sex oa Type of Lesion Location Duration Treatment Result 
Brewer and Wood#4} W |M | 20 | Abscesses of muscle Adjacent to vertebrae | 3 mo Wide dissection and | Healed in 2-3 wk.; 
T2,3.4, L1,2,3 drainage well one year later 
McGehee and 
Michelson*®. .. . . N | F | 26 | Abscess Soft tissue of pelvis and | 4 mo. Incision and drainage; | Healed; well 9 mo. 
inguinal region iodides later 
Alvarez**,........ W | M_|_ 30 | Superficial, red, grass- | Tongue ? Arsphenamine and Healed in 1 mo. 
like filaments quinine 
GMB esa W |M_|_ 34 | Granulomatous nodu- | Nasopharynx 1} yr. | Cauterization; iodides;} Slow healing; consid- 
les and ulceration ; ultra-violet; x-ray ered arrested after 
1% yr. 
GS Dee W F 12 | Abscess Rt. orbit and sinuses | Few days | Drainage of abscess; {| Healed; well on 7 yr. 
iodides; x-ray follow-up 
CMe 2. 5.23% WwW M 26 | Ulcerative lesions Left tonsil and soft 4 mo. Iodides and x-ray Healed; well on 2 yr. 
palate follow-up 
Gill? Case W | 26 | Ulcerative lesions Pharynx and epi- 2 yr. Iodides and x-ray Ulcers healed but cul- 
pharynx tures still pos. after 21 
mo.; patient still com- 
plained of painful 
throat 
(of ae WwW F 27 | Ulcerative lesion Hard palate Few days | Iodides and x-ray Healed; well on 2 yr. 
follow-up 
Kessel and Holtz- 
i) a W M 38 | Abscesses Both breasts and left £ X-ray to breast; ar- | Healed 
knee joint throtomy; iodides; 
amputation of left leg 
Burger and Morton®| W F 41 | Soft tissue mass Right thigh 6 mo. Amputation right Healed; well 3 yr. 
thigh at hip joint later 
pe eee N F 22 | Encapsulated tumor | Rt. post. chest wall 5 wk. X-ray; iodides; Healed after 6 wk. 
removal of mass 


are rare although the ilium was involved 
in Cleland’s case'* and the knee joint in the 
case reported by Kessel and Holtzwart.*! 
The infrequent occurrence of bone lesions 
serves as a contrast to infection with B. 
dermatitidis and C. immitis. 

Association with Hodgkin’s Disease. Al- 
though reference is made in the literature 
to the association of these two diseases, this 
knowledge is not widespread. In reviewing 
the reported cases of cryptococcosis we 
have found thirteen cases in which coinci- 
dent Hodgkin’s disease was thought to be 
present. To this group we add one case of 
our own, making a total of fourteen cases 
with this interesting association, an inci- 
dence of 8.5 per cent of all reported cases of 
cryptococcosis. 


Case 1. A thirty-nine year old white male, 
life insurance salesman, was admitted to the 
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scapular region revealed Hodgkin’s disease in 
both tissues. The patient received a course of 
x-ray irradiation in July, 1947, and in Novem- 
ber, 1947. Regression of nodes and symptomatic 
improvement followed. In April, 1948, swelling 
of the abdomen, shortness of breath and edema 
of the feet and ankles were noted. A third course 
of x-ray therapy at this time did not result in 
improvement. In early July, 1948, abdominal 
and thoracic paracenteses resulted in the re- 
moval of chylous fluid. Recurrence of swelling 
and dyspnea necessitated a second paracentesis 
two weeks later. Numbness of the right leg and 
muscular weakness of the right arm developed. 

The patient was a severely ill white man who 
was dyspneic and orthopneic. The significant 
positive findings were the absence of breath 
sounds over the lower three-fourths of the right 
lung accompanied by dullness to flatness on 
percussion. The abdomen was markedly dis- 
tended with fluid. An indefinite mass, believed 
to be spleen, was palpable in the left upper 


+, 
* 
4 
= 
4 
\ 
4 


348 Cryptococcosis—Gendel et al. 


quadrant of the abdomen. A right inguinal 
hernia was present. He was unable to extend 
the right wrist, flex the forearm or raise the arm 
above the head. Deep reflexes were diminished 
generally but especially in the right upper ex- 
tremity. At the base of the neck on both sides 
hard, discrete, non-tender nodes were palpated. 
These measured about 1 by 1 cm. on the right 
and about 2.5 by 1 cm. on the left. The entire 
neck was markedly indurated. 

The blood count on admission showed a red 
cell count of 4.4 million; white cell count was 
7,300; hemoglobin was 12.6 gm. per cent. The 
differential count showed 81 per cent poly- 
morphonuclear cells, 16 per cent lymphocytes 
and 3 per cent monocytes. The urine was nor- 
mal. X-ray of the chest revealed a hydropneu- 
mothorax on the right with complete collapse 
of the lung. A small pleural effusion was noted 
on the left. A metastatic x-ray survey revealed 
no bone involvement. 

The severe and progressive dyspnea and ab- 
dominal swelling made it necessary to perform 
repeated abdominal and thoracic paracenteses. 
The fluid removed had the appearance of chyle 
and settled out into two layers, the upper layer 
being creamy in appearance. Following removal 
of the abdominal fluid an enlarged, irregular, 
hard spleen could be palpated easily in the left 
upper quadrant. The patient was given a course 
of nitrogen mustard, 0.1 mg. per kg. of body 
weight of methyl-bis (8-chloroethyl) amine hy- 
drochloride, starting on July 28, 1948, and 
continuing for four successive days (total dose 
22.0 mg.). There was no significant change in 
his condition. On August 17, 1948, the patient 
complained of moderate headache which had 
been present for the preceding few days. No 
neck rigidity or other significant new findings 
were noted. However, a lumbar puncture was 
performed. The pressure was 240 to 260 mm. of 
water and the fluid was clear. The headache im- 
proved for a few days following this procedure. 
Study of the spinal fluid revealed 10 cells per 
cu. mm., 7 polymorphonuclears and 3 lympho- 
cytes. Sugar was 40 mg. per cent. Protein was 
20 mg. per cent and chlorides 652 mg. per cent. 
No organisms were noted on direct smear but 
ten days later a culture was reported positive 
for C. neoformans. A course of x-ray irradiation 
(750 r) had been given to the anterior mediasti- 
num from August 19 to August 24, 1948. The 
patient’s course was progressively downhill 
despite symptomatic treatment. Headache and 


gradually increasing stupor developed and 
following the report of the positive spinal fluid 
culture, treatment with sulfadiazine 5.0 gm. 
intravenously followed by 1.0 gm. intravenously 
every six hours was instituted. Stiffness of the 
neck and a positive Babinski on the right de- 
veloped. The patient developed opisthotonos 
and expired on August 31, 1948. A review of 
the slides of the previous biopsy of lymph node 
and skin confirmed the presence of Hodgkin’s 
disease. 

The significant gross findings at autopsy were 
the presence of chylous effusions into both 
pleural cavities. The left contained 2,000 cc. 
and the right 3,500 cc. of fluid. Both lungs were 
collapsed, the right weighed 280 and the left 
500 gm. Many soft elevated yellow nodules were 
present on the parietal pleura along the inter- 
costal muscles and ribs. These varied in size, the 
largest measuring 1 cm. in diameter. Many 
petechial hemorrhages were noted. The abdo- 
men contained 4,200 cc. of chylous fluid. Many 
small tumor nodules were scattered throughout 
the mesentery and omentum. There was a large 
mass in the mesentery of the small intestine 
measuring 6 by 6 by 4 cm. Loops of small in- 
testine were matted together by fibrinous ad- 
hesions. The thoracic duct and cisterna chyli 
could not be identified because of complete re- 
placement by tumor tissue. The spleen weighed 
450 gm. and was nodular. This organ was almost 
completely replaced by tumor nodules measur- 
ing 1 to 6 cm. in diameter. The liver and gall- 
bladder weighed 1,450 gm. The pancreas was 
surrounded by tumor tissue, which did not ex- 
tend into the parenchyma except possibly in the 
region of the tail. The lymph nodes were gen- 
erally small and fibrotic. A node at the base of 
the subclavian vein measured 4 by 2.5 by 1 cm. 
The intestinal tract was encircled by masses of 
tumor tissue in the region of the jejunum. A 
large tumor mass surrounded the descending 
colon, the rectum and ureter. The brain weighed 
1,390 gm. Gelatinous material was attached to 
the dura adjacent to and extending into the 
longitudinal fissure. 

Postmortem bacteriologic studies showed a 
growth of C. neoformans from the spinal fluid 
and from the chylous fluid in the thorax. (Fig. 1.) 
The abdominal chylous fluid was negative for 
organisms. Chemical studies of the chest fluid 
showed: total lipids 830 mg. per cent, fatty acids 
43 mg. per cent, cholesterol 98 mg. per cent and 
cholesterol esters 51 mg. per cent. The analysis 
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Fics. 1 to 4. Case nm. Figure 1, India ink prepara 


tion of spinal fluid obtained at autopsy showing 


typical cryptococci including many budding forms. Figure 2, lung section showing organisms within 
small cystic spaces. The lack of inflammatory reaction is noteworthy (aniline blue stain). Figure 3, 
lymph node showing pleomorphic cytology with hyperchromatic nuclei in many of the cells, sug- 
gestive of a malignant lymphoma but not characteristic of Hodgkin’s disease. Figure 4, brain section 
demonstrating markedly dilated perivascular spaces containing cryptococci (aniline blue stain). 


of the abdominal fluid was approximately the 
same except that the total lipids were 940 mg. 
per cent. 

Microscopic examination showed areas of 
cystic degeneration of the lower lobe of the left 
lung. These spaces contained small round clear 
bodies with a double refractile capsule, which 
measured 12 micra in diameter. (Fig. 2.) The 
organisms were also seen in the surrounding 
alveoli. When stained with aniline blue stain, 
they were much more prominent than with 
routine hematoxylin eosin stains. Similar areas 
were also found in the right lower lobe. The 
hilar nodes showed a distortion of the archi- 
tecture and replacement by pleomorphic tumor 
cells with irregular hyperchromatic nuclei. 
(Fig. 3.) There was hyperplasia of the reticulo- 
endothelial cells and distention of the lymph 
sinusoids which contained macrophages and 
chronic inflammatory cells. ‘There was also cystic 
degeneration similar to that seen in the lung. 
In these areas many binucleate cells contained 
the yeast organisms. The periaortic nodes 
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showed cystic areas which contained organisms. 
The normal structure was also replaced by 
pleomorphic tumor cells and hyalinized fibrosis. 
The tumor cells were small although several 
were large, irregular and contained two or more 
nuclei. The spleen showed replacement by cells 
similar to those noted in the periaortic nodes but 
with less tendency to pleomorphism. Necrotic 
granulomatous areas were present which con- 
tained cryptococci. The connective tissue sur- 
rounding the pancreas was infiltrated by tumor 
cells as noted above. The adrenals, the small 
intestine and mesentery were likewise infiltrated 
by tumor cells and yeast-like organisms could 
also be found in the latter two. The subclavian 
lymph node showed destruction of the archi- 
tecture and replacement by tumor tissue which 
also showed hyaline fibrosis. Many of the cells 
contained yeasts. The brain showed cystic areas 
in the dura which contained cryptococci. Sec- 
tions from the frontal cortex, parietal cortex, 
corpus striatum and cerebellum showed de- 
generative areas containing organisms. The 
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perivascular spaces of Hiss were dilated and con- 
tained cryptococci. (Fig. 4.) The pia of all 
sections showed edema and the presence of 
organisms. The opinion of the pathologist was 
that the patient had cryptococcosis involving 
the brain, meninges, lungs, spleen, mesentery, 
hilar, subclavian and aortic lymph nodes. In 
addition there was also a lymphoblastoma in- 
volving the pancreas, adrenals, spleen, intestine, 
subclavian, abdominal and hilar nodes. 


The co-existence of Hodgkin’s disease and 
cryptococcosis was first reported by Free- 
man and Weidman‘ in 1923. They de- 
scribed a thirty-nine year old man who had 
lymph node enlargement for some years. 
Five years previously a biopsy of one of the 
nodes revealed Hodgkin’s disease. Following 
x-ray therapy the nodes regressed. Subse- 
quently the patient died of central nervous 
system cryptococcosis after an acute illness 
lasting about a month. At autopsy the 
spleen, the right axillary and the mesenteric 
nodes were enlarged. The microscopic ap- 
pearance was no longer considered charac- 
teristic of Hodgkin’s disease. A similar ob- 
servation was reported in 1930 by Smith 
and Crawford.** Their patient, a thirty-one 
year old woman, developed a mass over the 
left scapula. The histologic appearance of 
the specimen removed at biopsy was sug- 
gestive of Hodgkin’s disease. The tumor 
mass was radiosensitive and disappeared 
following irradiation. About a year later the 
patient developed central nervous system 
complications manifested by diplopia, stra- 
bismus, bilateral sixth nerve palsy and a 
right seventh nerve paresis. The illness 
progressed to eventual death in six months. 
No evidence of the original scapular tumor 
was found. The brain, spinal cord and chest 
showed infection with cryptococci. Lesions 
suggestive of Hodgkin’s disease were found 
in tissue removed from the posterior me- 
diastinum. These first two cases showed 
certain atypical features and following 
autopsy because of change from the original 
histologic picture of Hodgkin’s disease and 
the finding of cryptococci they were con- 
sidered to represent cryptococcal infection 
simulating Hodgkin’s disease. Similarly, at 
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autopsy our patient no longer showed 
histologic lesions typical of Hodgkin’s disease 
although the picture resembled a lympho- 
sarcoma. A similar transition in histologic 
pattern has been previously reported during 
the course of Hodgkin’s disease not com- 
plicated by cryptococcosis. 

In 1934 two cases were reported which 
left little doubt about the co-existence of the 
two diseases. The case of a thirty-one year 
old man was presented at the Massachusetts 
General Hospital.*® This patient developed 
a swelling in the neck and a biopsy showed 
Hodgkin’s disease. He was treated by irra- 
diation and the glands receded. About a 
year later, following a trauma to his head, 
he developed headache and stiffness of the 
neck. The cervical lymph nodes were found 
to be enlarged again and the spleen was 
palpable. Cryptococci were found in the 
spinal fluid. Autopsy revealed a cryptococ- 
cal meningitis with concomitant involve- 
ment of the kidney, adrenal and lungs. The 
spleen, the bronchial and retroperitoneal 
glands showed the picture of Hodgkin’s 
disease. About the same time Fitchett and 
Weidman“ described an eighteen year old 
Negro who died thirteen days after ad- 
mission to the hospital. Glandular enlarge- 
ment in the axillae, neck and inguinal 
regions had been noted for the preceding 
three years. Headache and central nervous 
system signs began three months prior to 
death. Disseminated cryptococcal infection 
was found at autopsy. The spleen was en- 
larged and showed a picture suggestive of 
Hodgkin’s disease. Cryptococci could also 
be found in the spleen. These authors bring 
up the possibility that the C. neoformans 
might be one of several organisms which 
may induce the histologic picture of Hodg- 
kin’s disease. Burger and Morton‘ reported 
another patient with Hodgkin’s disease com- 
plicated by cryptococcosis. They were also 
of the opinion that this infection could pro- 
duce granulomas which could closely simu- 
late Hodgkin’s disease. Cox and Tolhurst?® 
reported a similar patient and called atten- 
tion to a report by Heine and co-workers*® 
of a patient with Hodgkin’s disease compli- 
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TABLE I 
SUMMARY OF DATA ON PATIENTS WITH COINCIDENT CRYPTOCOCCOSIS AND HODGKIN’S DISEASE 
_— Author a er Diagnosis Result of Diagnosis Organs Involved | Organs Involved Review of 
and Year 8 of Hodgkin’s X-ray Treatment | of Cryptococcosis | by Hodgkin’s | by Cryptococcosis | Previous Biopsy 
1. | Freeman and | M | 39 | Biopsy of lymph | Lymph nodes re- | Made by lumbar | Spleen; axillary, | Central nervous | Cryptococci not 
Weidman‘! node five years duced in size puncture and mesenteric system found 
1923 previously lymph nodes 
2. | Smith and F | 31 | Biopsy of mass Mass disappeared | Made at post- Swelling over Central nervous | Cryptococci 
Crawford‘5 over scapula 17 mortem scapula system; lymph found 
1930 months prior to nodes 
death 
3. | Fitchett and | M | 18 | Biopsy ofleft axil- | None given Made by lumbar | Spleen; lymph Central nervous | Not mentioned 
Weidman‘? lary lymph node puncture nodes system; kidneys; 
1934 pancreas; spleen; 
lymph nodes 
4. | Cabot Case*® | M | 31 | Biopsy of cervical | Swelling in neck | Made by lumbar Spleen; bronchial | Central nervous | Not mentioned 
1934 lymph node one |_ subsided puncture cervical and system; kidneys; 
year before retroperitoneal lungs; adrenals 
death nodes 
5. | Wile3s M | 17 | Biopsy of cervical | Not mentioned | Made at post- Not mentioned | Central nervous | Cryptococci 
1935 lymph node 414 mortem system; skin; found 
years before generalized 
death 
6. | Owen? M | 33 | Biopsy of cervical | Decrease in size of } Made by lumbar | Lymph nodes Central nervous | Cryptococci 
1940 lymph node 5}4 | lymph nodes puncture system; cervical, | found 
years before mediastinal and 
death mesenteric 
lymph nodes; 
generalized 
7. | Heine, Lauer | M | 29 | Biopsy of cervical is Made by lumbar ? Central nervous ? 
and lymph node 114 puncture system; lymph 
Mumme‘*?® yr. previously nodes; spleen; 
1940 lungs; and liver 
8. | Warvi and M | 39 | Biopsy of cervical | Lymph nodes re- | Made at post- Cervical, supra- | Central nervous | Not mentioned 
Rawson®? lymph node five | sponded to treat-|_ mortem clavicular, axil- | system; lungs 
1942 mo. before ment; cerebral lary and in- 
death symptoms im- guinal nodes; 
proved after liver; spleen; 
radiation to bone marrow 
head 
9. | Burger and M | 36 | Biopsy of cervical | Regression in size | Made at post- Liver; lymph Heart; lungs; kid- 
Morton‘? lymph nodes 3 of nodes mortem nodes neys; adrenals; | Cryptococci not 
1944 mo. before mediastinal, found 
death axillary and in- 
guinal lymph 
nodes; permis- 
sion not granted 
to examine 
central nervous 
system 
10. | Tinney and M | 23 | Biopsy of cervical | Responded to Made at post- Thymus; spleen; | Thymus; spleen; | Not mentioned 
Schmidt lymph node four | radiationontwo}| mortem lungs; liver; lungs; liver; 
1944 yr. before death, | occasions adrenals; pros- adrenals; pros- 
two additional tate; testes; tate; testes; 
biopsies con- thyroid thyroid 
firmed the 
diagnosis 
11. | Cohen*#? F | 36 | Biopsy of cervical | Nodes responded | Made by lumbar | Thoracic, Central nervous | Not mentioned 
1944 lymph node to x-ray puncture cervical and system 
abdominal 
nodes 
12. | Cox and M | 62 | Made at post- None given Made at post- Lymph nodes; Central nervous 
Tolhurst’ mortem mortem spleen; liver system; lungs 
1946 
13. | Debre and F | 12 | Biopsy of cervical | Clinical Made by lumbar | Spleen; liver Central nervous | Not mentioned 
coworkers?! lymph node 3 improvement puncture system; 
1946 mo. earlier ‘ generalized 
14. | Author’s case | M | 39 | Biopsy axillary Regression of Made by lumbar | Lymph nodes; Central nervous | No organisms 
1948 lymph node and | lymph nodes puncture spleen; pancreas;} system; lungs; found 
skin one yr. and clearing of adrenals in- spleen; mesen- 
earlier skin; good volved by a teric lymph 
response to two malignant nodes 
courses of lymphoma not 
treatment typical of 
Hodgkin’s 
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cated by blastomycosis. They were of the 
opinion that Heine’s case was really one of 
cryptococcosis and consequently it is in- 
cluded in our review. Table 11 summarizes 
the essential data concerning the previously 
mentioned cases and the others we have 
found in the literature. 

The diagnosis of Hodgkin’s disease was 
made in thirteen cases prior to the diagnosis 
of cryptococcosis. ‘The one exception was the 
patient reported by Cox and Tolhurst*® who 
was admitted to the hospital in a moribund 
condition. The diagnosis of both conditions 
was made at autopsy. It is interesting to 
note that ten of the patients received x-ray 
therapy and in each instance there was a 
regression of swelling and symptomatic re- 
mission. In this connection Owen*® found 
that x-ray irradiation of cultures of C. neo- 
formans did not affect the organisms. A 
review of the original biopsy slide was 
done in six cases including our own. In three 
of the cases cryptococci were found** 
and in the other three, including our case, 
the organisms could not be found.***4 

In addition, Mallory® stated that he had 
seen four other cases of coincident lympho- 
blastoma and cryptococcal infection. He 
also referred to an unpublished manuscript 
which reported about eighty cases of crypto- 
coccal infection. In about a dozen the two 
diseases were found together. Jackson and 
Parker®* mentioned a patient with Hodg- 
kin’s disease who died of cryptococcal 
meningitis. These cases have not been in- 
cluded in our tabulation for lack of suffi- 
cient data. Magruder®*‘ reported a patient 
with lymphatic leukemia of four years’ 
duration who developed a terminal crypto- 
coccal infection. The significance of this 
observation is uncertain. 

The association of these two uncommon 
diseases occurs much too frequently to be 
simply a matter of chance. The explanation 
is not clear. However, it is interesting to 
speculate concerning two possibilities which 
suggest themselves. Several authors have 
offered the possibility that infection with 
cryptococci might occasionally produce a 
tissue reaction which is similar to that of 
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Hodgkin’s disease. Forbus*’ failed to re- 
cover fungus organisms of any kind in cases 
of Hodgkin’s disease and it is doubtful that 
cryptococci are of much significance in the 
etiology of this disease. We found no evi- 
dence of cryptococcal infection in about 
thirty other patients with Hodgkin’s disease. 
Eight of these patients had evidence of 
nervous system involvement and were 
studied in greater detail. Many micro-or- 
ganisms have been isolated from patients 
with Hodgkin’s disease. Diphtheroids, avian 
tubercle bacilli and brucella among others 
have received major attention. Desjardins*® 
called attention to the frequency of many 
infections in patients with Hodgkin’s disease 
and suggested that chronic infection of any 
kind was the factor immediately responsible 
for the malignant hyperplasia of the lymph- 
oid structures. According to this view- 
point Hodgkin’s disease should be con- 
sidered as a syndrome produced by a variety 
of infecting agents, including C. neo- 
formans. Cox and Tolhurst*® noted that the 
lymph glands were frequently involved in 
experimental cryptococcal infection. This 
included not only the regional glands drain- 
ing the inoculation site but also those in 
remote regions. The nodes were crowded 
with cryptococci. Fibrosis, giant cells and 
epitheloid cells were also found. However, 
despite this, there were no instances in 
which the histologic picture simulated 
Hodgkin’s disease. It should be noted that 
a review of the original biopsy slide in three 
cases of cryptococcosis showed the presence 
of the fungus which was overlooked at first. 
None of this evidence can be considered 
conclusive, and it is not yet established that 
infection by C. neoformans can produce 
Hodgkin’s disease. 

An alternative explanation for the associa- 
tion of the two diseases is that patients with 
Hodgkin’s disease are prone to develop a 
variety of infections. Dubin*’ recently called 
attention to the poor immunologic response 
in patients with Hodgkin’s disease. He be- 
lieved this poor immunologic response could 
explain the failure to react to tuberculin, 
the decreased incidence of positive serologic 
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reactions for syphilis and the increased 
tendency to the development of infection in 
patients suffering from Hodgkin’s disease. 
In this connection Benham’*® showed that 
cryptococci can be recovered from the skin 
of normal individuals and that these organ- 
isms are similar to the pathogenic crypto- 
cocci of human disease. With this in mind, 
it is possible that the poor resistance of 
patients with Hodgkin’s disease permits 
their own cryptococci to obtain a foothold 
and produce clinical disease. 

Prognosis. Cryptococcosis is a_ serious 
disease and involvement of the central 
nervous system is nearly always fatal. The 
one notable exception is the case reported 
by Marshall and 'Teed.°* These authors de- 
scribed a nine year old girl who recovered 
following mastoidectomy and the adminis- 
tration of sulfadiazine. In other instances 
patients who had not died of their disease at 
the time of the report continued to show 
evidence of persistent infection. Reeves and 
co-workers? reported a patient who was 
alive about eight years after the onset of 
her illness.'? Their patient also received 
sulfonamides. In contradistinction to the 
poor prognosis in central nervous system 
cryptococcosis, the outlook in localized 
forms is much better, provided spread of the 
infection to the central nervous system does 
not occur. Localized cases with recovery are 
reported in Table mu. Occasionally the 
disease may begin as a localized form and 
later disseminate with fatal outcome. The 
localized pulmonary form also has a better 
prognosis.° 

Treatment. ‘The treatment of this disease 
is unsatisfactory. The hope engendered by 
Marshall and ‘Teed’s®® report of recovery 
following administration of sulfadiazine has 
not been confirmed by subsequent ob- 
servers. /931,32,59~61 Qur experience with sul- 
fadiazine was poor despite the attainment 
of high blood levels in our first patient. 
Animal experiments showed no beneficial 
effect of the administration of sulfadiazine, 
potassium iodide or combinations of the 
two drugs. ® A similar lack of effect has been 
noted with penicillin.°? The use of massive 
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doses of penicillin in our first patient also 
failed to clear the spinal fluid of organisms. 
Beck and Muntz® reported animal experi- 
ments with streptomycin and found sug- 
gestive evidence that this drug might prove 
of value. In light of this, clinical trial of 
streptomycin is certainly justified. Un- 
fortunately, we could not evaluate the re- 
sults of the use of streptomycin in our 
patient. 


SUMMARY 


The literature on cryptococcosis has been 
reviewed and 165 reported cases have been 
collected including two cases of our own. 
The clinical aspects of the disease have been 
discussed. Fourteen of these patients have 
had coincident Hodgkin’s disease. The 
possible mechanisms for this association 
have been mentioned. 
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Seminars on Renal Physiology 


Acid-base Regulation by the Kidneys’ 


RosertT F. Pitts, M.p. 
New York, New York 


CCORDING to Macallum' proto- 
vertebrate ancestors evolved in the 
sea at a time when its salinity was 

roughly one-third its present value. An 
abundance of dissolved sodium bicarbonate 
and carbon dioxide created a blandly alka- 
line environment eminently favorable for 
the functioning of their body cells. These 
animals could drink freely of the fluid sur- 
rounding them, pump it through their 
vascular systems, allow it to permeate their 
tissues, secrete it into their body cavities and 
then propel it and its dissolved wastes to the 
outside through simple ciliated tubes. Avail- 
ability of salt, water and alkali constituted 
no problem for these animals, for the whole 
of the ocean containing these components 
in optimum proportions was at their dis- 
posal. ‘The permeability relationships of 
their cell membranes and the intracellular 
ionic environment of their vital enzyme 
systems had been established in the presence 
of a faintly alkaline saline medium. When 
they migrated first into fresh water and later 
onto dry land, it was imperative that they 
enclose within their integument a bit of this 
fluid medium and develop means of defend- 
ing it against changes in composition and 
reaction. 

Sodium chloride and sodium bicarbonate 
are the major salts of the blood plasma and 
interstitial fluid of man and no doubt of the 
Cambrian ocean which his forebears de- 
serted some 500 million years ago. These 
fluids are alkaline due to the sodium bi- 
carbonate which they contain. The degree 
of alkalinity of all is tempered or buffered 
by a relatively fixed concentration of car- 
bonic acid (dissolved carbon dioxide). The 


reaction of the Cambrian ocean must have 
been stabilized by its large volume and by 
the fact that the exchanges of carbonic acid 
and bicarbonate between the heavily charged 
atmosphere, the mineral-bearing waters 
and the sediment beds which formed the 
great rock strata of this era were in equilib- 
rium. In contrast, the reaction of the blood 
plasma and interstitial fluid of the body 
must of necessity be actively and continu- 
ously stabilized by respiratory and renal 
homeostatic mechanisms which preserve, 
respectively, constancy of carbonic acid 
concentration and constancy of bicarbon- 
ate concentration. Were either regulatory 
mechanism to fail the resulting alteration 
in reaction of the internal fluid environ- 
ment would so modify cell permeability 
and ionic composition that vital enzyme 
systems could no longer function properly. 

Nature of the Problem of the Renal Regulation 
of Acid-base Balance. ‘The renal problem of 
stabilizing the concentration of bicarbon- 
atef in the body fluids is a dual one. The 
first aspect of the problem is that of salvag- 
ing the large quantities of bicarbonate 


Tt In reality the kidney stabilizes the concentration of 
base in the body fluids at a level some 25 to 27 mEq./L. 
above that of the sum of all the fixed non-volatile anions. 
This base is neutralized by the ever present carbonic 
acid (dissolved carbon dioxide) to form bicarbonate. 
Bicarbonate therefore serves as a measure of, or tags, that 
moiety of base which in large part accounts for the 
weakly alkaline properties of the body fluids, and which 
is readily available to neutralize any stronger acid pro- 
duced in the body. In speaking of bicarbonate one must 
keep in mind that it is the base bound to this potentially 
volatile anion which is uniquely valuable to the organ- 
ism, and that the anion itself is merely drawn from or 
returned to the metabolic stream of carbon dioxide as the 
occasion demands. Nevertheless, we shall adhere to 
common clinical parlance by referring to bicarbonate 
bound base as bicarbonate. 


* From the Department of Physiology, State University of New York Medical Center at Syracuse University, 
Syracuse, N. Y. 
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which enter the renal tubules in the glo- 
merular filtrate. Some 200 L. of plasma are 
filtered through the glomeruli each day. 
Since each liter of plasma normally contains 
25 to 27 mEq. of bicarbonate, a total of 
5,000 to 5,400 mEq,., or about 1 pound when 
expressed as sodium bicarbonate, is de- 
livered into the tubules every twenty-four 
hours. This is five times the amount of 
bicarbonate which the body actually con- 
tains. Obviously, bicarbonate must be 
filtered over and over again and reabsorbed 
each time by the renal tubules. The effi- 
ciency of the reabsorptive process is indicated 
by the fact that only 1 or 2 mEq. escape in 
the urine each day. However, if sodium 
bicarbonate is ingested or if the diet is such 
that it yields an alkaline ash residue, the 
excess bicarbonate is excreted in the urine. 

The second aspect of the problem of renal 
stabilization of the concentration of bi- 
carbonate derives from the fact that non- 
volatile acids such as sulfuric and _ phos- 
phoric are formed in considerable quantities 
in the metabolism of phospholipids and 
proteins. These acids, neutralized in the 
body by base contributed by bicarbonate, 
tend to deplete body stores. The depletion 
would proceed at such a rate as to exhaust 
the bicarbonate base reserves completely 
within a week were it not for two renal 
compensatory processes, namely, the excre- 
tion of titratable acid and the excretion of 
ammonia. In essence these two mechanisms 
reverse the process of neutralization, pro- 
mote the elimination of acid anions minus 
the base which they bind in the blood, and 
restore that base to the body as bicarbonate. 

In excreting titratable acid, neutral salts 
of weak buffer acids, which enter the renal 
tubules in the glomerular filtrate, are trans- 
formed into acid salts or even into free acids. 
The base is restored to the body as bicar- 
bonate. In the example below, disodium 
phosphate is shown as reacting with car- 
bonic acid to form sodium bicarbonate and 
monosodium phosphate. 


NazHPO, + H2CO; — NaH2PO, (ex- 
creted) + NaHCOs (absorbed) 
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The reaction is driven to the right by the 
reabsorption of sodium bicarbonate. The 
original filtrate which, like the plasma, has 
a slightly alkaline reaction (pH 7.4) is 
thereby converted into acid urine. If one 
collects the urine for twenty-four hours and 
titrates it from its initial acid reaction to 
the reaction of the blood, the amount of 
base which must be added is exactly equal 
to the amount of base which the tubules 
have recovered as bicarbonate in forming 
the acid urine. The capacity of the kidney 
to perform this operation is somewhat 
limited. Thus the tubules can salvage at 
most one of the two sodium ions bound by 
disodium phosphate. To salvage the second 
sodium ion would require the ability to 


' produce urine of pH 2.5. Actually the most 


acid urine which the kidney can form is pH 
4.5. For this reason it can excrete negligible 
quantities of strong acids such as sulfuric 
or hydrochloric as free titratable acid. 

These strong acids must be eliminated 
fully neutralized but the kidney accom- 
plishes this end without sacrifice of sodium 
ions by combining them with ammonium 
ions. In the example below, sodium sulfate, 
delivered into the tubules in the filtrate, is 
shown as reacting with ammonium bi- 
carbonate to form sodium bicarbonate and 
ammonium sulfate. 


+ 2NH,HCO; (NH4)2SOz7 
(excreted) + 2NaHCO; (absorbed) 


NaeSO, 


Again the reaction is driven to the right by 
the reabsorption of sodium bicarbonate. If 
one collects the urine for twenty-four hours, 
its ammonia content, expressed in mEq., is 
exactly equal to the quantity of base which 
the tubules have recovered as bicarbonate 
in transforming salts of fixed base into am- 
monium salts. The sum of the titratable 
acid excreted and the ammonia eliminated 
is a measure of the total renal defense of the 
bicarbonate reserves. Under ordinary cir- 
cumstances the kidney balances its acid-base 
budget by leaning somewhat more heavily 
on ammonia production than on titratable 
acid excretion. The two processes are, 
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however, intimately related functionally, a 
theme which we shall develop later. 
Contributions of Titratable Acid and Am- 
monia Excretion to Regulation of Acid-base 
Balance. ‘The contributions of these two 
processes to stabilization of the bicarbonate 


TABLE I 
MECHANISMS BY WHICH ACID IS EXCRETED WITHOUT LOSS OF 
FIXED BASE—-SUMMARY OF QUANTITATIVE DATA ON MAN 


cc. 0.10 
Normal | Ratio or 
Acid per Acid 
Day 
Normal Man 
1. Excretion of acid com- 
bined with NH3....... 300-500 1-2.5 
2. Excretion of titratable 
100-300 
Diabetic Acidosis 
1. Excretion of acid com- 
bined with NH;3....... 3,000-—5,000 1-2.5 
2. Excretion of titratable 
760-—5,000 
Nephritic Acidosis 
1. Excretion of acid com- 
bined with NH3....... 5-150 0.2-1.5 
2. Excretion of titratable 


content and reaction of the body fluids are 
summarized in Table 1 compiled from a 
number of sources.?-‘ A normal individual 
on an average mixed diet excretes the 
équivalent of 300 to 500 cc. of 0.10 normal 
acid per day in combination with am- 
monia, and 100 to 300 cc. as titratable acid. 
In this manner he eliminates each day 
exactly that amount of acid which is pro- 
duced in the oxidation of thioamino acids 
and phospholipids. His body stores of bi- 
carbonate and the reaction of his body fluids 
are both maintained at optimum levels. 
The uncontrolled diabetic patient in 
severe ketosis produces much more met- 
abolic acid than does the normal indi- 
vidual. Not only does he metabolize his own 
body proteins and lipids at a high rate, 
producing increased quantities of sulfuric 
and phosphoric acids, but he likewise pro- 
duces large quantities of beta-hydroxy- 
butyric and acetoacetic acid. The excessive 


drain on base stores in neutralizing this 
load of metabolic acid is reflected in a five- 
to tenfold increase in the rate of excretion 
of titratable acid and ammonia. Yet the 
renal compensation is never complete and 
moderate to severe acidosis develops; that 
is, the bicarbonate stores of the body are 
depleted and the blood and tissue fluids 
become more acid. 

In nephritis the production of metabolic 
acid is within normal limits, or even 
reduced if the patient is fed a high carbo- 
hydrate, low protein and fat diet. However, 
the capacity of the kidneys to eliminate acid 
without loss of base is limited, and the more 
severe and long-standing the renal disease 
process the greater is the reduction in these 
renal capacities. In the terminal stages of 
Bright’s disease total acid excretion may 
drop to 25 cc. of 0.10 normal acid per day, 
5 cc. in combination with ammonia, and 
perhaps 20 cc. as titratable acid. 

Properties of the Renal Mechanisms for 
Reabsorption and Excretion of Bicarbonate. ‘The 
urine of the normal individual maintained 
on an average mixed diet is slightly acid, the 
reaction averaging pH 6.0. It contains 
negligible traces of bicarbonate. However, 
the ingestion of as little as 4 gm. of sodium 
bicarbonate causes the urine to become less 
acid* and much larger quantities of base 
may be readily eliminated in urine but 
slightly more alkaline than the blood 
plasma. In fact, the most alkaline urine 
which the kidney can elaborate is pH 8.0. 

The relationships between blood plasma 
concentration and tubular reabsorption and 
excretion of bicarbonate in three normal 
adult subjects are illustrated in Figure 1.° 
The plasma level of bicarbonate in these 
experiments was varied over a range of 13 
to 38 mEq./L. The low values were ob- 
tained by the ingestion of 10 to 20 gm. of 
the acidifying agent, ammonium chloride, 
on the day preceding an experiment. The 
plasma level was gradually elevated during 
the course of each experiment by the 
intravenous infusion of sodium bicarbonate. 
Measurements of filtration, absorption and 
excretion of bicarbonate were made at 
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intervals as the plasma level was raised from 
subnormal, through normal, to elevated 
levels. 

In essence Figure 1 defines the renal 
threshold relationships for bicarbonate in 
normal man. At plasma concentrations 
ranging from 13 to 24 mEq. /L., indicative 
of slight to moderately severe acidosis, all 
of the bicarbonate entering the glomerular 
filtrate is reabsorbed. None is allowed to 
escape in the urine. At plasma concentra- 
tions above 28 mEq. /L. absorption is less 
complete. In fact, from each 100 cc. of 
filtrate 2.8 mEq. are absorbed; all in excess 
of this amount is excreted. The renal plasma 
threshold for bicarbonate therefore lies be- 
tween 25 and 27 mEq. /L. 

The significant fact about this absorptive 
process is how nicely it is poised to stabilize 
the plasma bicarbonate concentration at 
25 to 27 mEq. /L. If body stores of bicar- 
bonate are normal or reduced, the filtered 
bicarbonate is entirely absorbed. Such a 
state of affairs is the usual one, for we 
ordinarily do not have any excess of base at 
our disposal. However, if sodium _bicar- 
bonate is administered, the plasma concen- 
tration rises above the normal range. All 
present in the plasma, in excess of that 
amount which is optimal, is excreted. The 
urine becomes alkaline because of its in- 
creased content of bicarbonate-bound base. 

The concept of a stable renal threshold 
for bicarbonate must be accepted with cer- 
tain reservations: first, that the threshold is 
reduced by hyperventilation; and second, 
that it is increased in the presence of a low 
blood chloride. Forced breathing, induced 
voluntarily or reflexly in consequence of 
anoxia, lowers the bicarbonate concentra- 
tion of the plasma yet leads to the excretion 
of bicarbonate and the formation of an 
alkaline urine.” Obviously, the capacity of 
the renal tubules to reabsorb bicarbonate 
must be reduced under these conditions but 
no evidence exists as to the nature or site of 
action of the stimulus which brings about 
this reduction. It is probable that changes 
in plasma pH may, in some way yet to be 
defined, exert a regulatory influence over 


SEPTEMBER, 1950 


359 


bicarbonate reabsorption. It is well known 
that changes in plasma pH of considerable 
magnitude occur with hyperventilation. 

In pernicious vomiting and in prolonged 
gastric drainage, or following repeated 
ingestion of large quantities of sodium bi- 
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Fic. 1. Reabsorption and excretion of bicarbonate in 
normal man as a function of plasma level. (From Pitts 
et al.® Courtesy of 7. Clin. Investigation.) 


carbonate, the concentration of chloride in 
the body fluids is reduced and that of bicar- 
bonate is proportionately elevated. Despite 
alkalosis, which may be sufficiently severe 
to lead to tetany, the urine remains acid and 
contains essentially no bicarbonate.'!*?° So 
long as the blood chloride is depressed the 
kidney conserves bicarbonate. Only when 
the blood chloride is raised by the infusion 
of saline is the bicarbonate threshold 
restored to the normal range. It has been 
suggested that the kidney, failing to main- 
tain normal proportions of chloride and 
bicarbonate in the body fluids, at least 
stabilizes total concentration. Furthermore, 
the increased absorption of bicarbonate 
which characterizes hypochloremic alkalosis 
has been assigned to the proximal tubule 
where, because of reduced plasma level, less 
than normal quantities of chloride are 
absorbed. 

The acid-base relationships of the urines 
collected in the experiments described in 
Figure 1 are summarized in Figure 2. 
Urines containing negligible quantities of 
bicarbonate were more acid than pH 6.5; 
the minimum bicarbonate concentration 
was 0.00001 mEq./L. at pH 4.47. Urines 
containing appreciable quantities of bicar- 
bonate were more alkaline than pH 7.0; the 
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maximum bicarbonate concentration ob- 
served in these experiments was 164 mEq. /L. 
at pH 7.80. According to Gamble'* and 
Marshall'® the carbon dioxide tension of 
the urine is equal to or greater than that of 
the blood. Because of the buffering action 
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Fic. 2. Relationship between bicarbonate concentra- 
tion and pH in eighty-two specimens of urine so col- 
lected as to prevent loss of carbon dioxide. (From 
Pitts et al.* Courtesy of 7. Clin. Investigation.) 


of the carbon dioxide (carbonic acid), they 
observed that as much as 220 mEq. of base 
bound as bicarbonate could be excreted in 
a liter of urine no more alkaline than pH 
8.0. More recent studies have demonstrated 
that the carbon dioxide tensions of urines 
of high bicarbonate content are consider- 
ably greater than the plasma values, a fact 
which even further facilitates the elimina- 
tion of base in urine of moderate alka- 
linity.*'* Our own experiments have shown 
that the tension of carbon dioxide may be 
three times that of the plasma from which 
it was formed. We shall return to this fact 
later in a discussion of the distal tubular 
mechanism of bicarbonate reabsorption. 
However, the extent to which it tempers the 
alkalinity of the urine is indicated in Figure 
2. It is evident that all urine specimens 
which contained appreciable quantities of 
bicarbonate were less alkaline than would 
be expected were the carbon dioxide tension 
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to be maintained constant at a normal 
venous plasma level of 50 mm. Hg, i.e., the 
circumstance described by the continuous 
line curve. 

If there were no continued drain on bi- 
carbonate-bound base to neutralize acids 
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Fic. 3. Relationship between the reaction of the tubular 
urine and that of the plasma at various levels in the 
amphibian nephron. (From Montgomery and Pierce.'® 
Courtesy of Am. 7. Physiol.) 


formed in fat and protein metabolism, or if 
one were to ingest each day an excess of 
sodium bicarbonate over and above that 
used in neutralizing these acids, the absorp- 
tive and excretory processes just described 
would serve to stabilize the plasma con- 
centration of bicarbonate within the normal 
range. The fact that we need no continuous 
supply of exogenous base to maintain our 
bicarbonate reserves derives directly from 
an inherent renal capacity to regenerate our 
own endogenous supplies as needed. We do 
this by excreting acid anions in the form of 
free titratable acid and in combination with 
ammonia. The base with which these anions 
were neutralized in the body fluids is 
salvaged as bicarbonate. 

Properties of the Renal Mechanism for Acidift- 
cation of the Urine and Excretion of Titratable 
Acid. ‘The studies of Montgomery and 
Pierce'® on the amphibian kidney provide 
a morphologic basis for an understanding 
of the processes by which the renal tubules 
convert the slightly alkaline glomerular 
filtrate into acid urine. These investigators 
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withdrew minute quantities of fluid from 
the glomerulus and from the proximal, 
intermediate and distal segments of the 
nephron and determined the pH with a 
micro-quinhydrone electrode. Figure 3, 
taken from their work, compares the reac- 
tion of the fluid obtained at each level with 
that of the plasma from which it was 
formed. It is evident that within reasonable 
limits the pH of the glomerular filtrate and 
the tubular fluid obtained from the proxi- 
mal and intermediate segments is identical 
with that of the plasma. In the distal tubules 
the urine becomes acid, the pH decreasing 
to values as low as those observed in urine 
obtained from the ureter and_ bladder. 
Acidification of the urine and excretion of 
titratable acid are thus functions of the 
distal segment of the renal tubule. * 

There are, obviously, two general means 
by which the distal tubule could convert its 
slightly alkaline contents into acid urine: 
first, it might reabsorb the alkaline com- 
ponents of the buffer mixtures which enter 
the glomerular filtrate, leaving the acid 
residues to be discharged into the urine; 
second, it might add acid to the tubular 
contents. Four of the several possible per- 
mutations of these two basic hypotheses are 
described in Figure 4. 

Only two buffer mixtures enter the 
glomerular filtrate in significant quantities, 
namely, monobasic and dibasic phosphate, 
and carbonic acid and bicarbonate. If, as 
shown in Figure 3 dibasic phosphate were 
preferentially reabsorbed, the excreted mon- 
obasic phosphate could be titrated as acid 
in the urine. This concept, which may 
reasonably be termed the phosphate reabsorp- 
tion theory, has been rather widely accepted 
in the past. On the other hand, if bicar- 


* Whether this fact is equally true in the mammalian 
kidney has never been directly established. One might 
infer from the finding by Walker et al.’ of chloride con- 
centrations in proximal urine 30 per cent above the 
plasma values that the bicarbonate level must be nearly 
zero. If this were true the proximal urine would be 
appreciably more acid than the glomerular filtrate. 
There is in fact some indirect evidence that bicarbonate 
may be almost completely absorbed in the proximal 
segment when the plasma bicarbonate level is less than 
20 mEq./L. 


SEPTEMBER, 1950 


bonate were completely reabsorbed, and if 
the tubules were impermeable to carbonic 
acid, as claimed by Sendroy, Seelig and 
van Slyke!® in their bicarbonate reabsorption 
theory, this acid would react with buffer salts 
to convert them quantitatively into free 
buffer acid. 


URINARY ACID PRESENT IN ORIGINAL FILTRATE 
PHOSPHATE REABSORPTION THEORY 


BH2P04 BH>P04 
BaHPO4 
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URINARY ACID SECRETED INTO TUBULAR URINE 


MOLECULAR ACID SECRETION THEORY 
\ 
+ A- HA 
Fic. 4. Theories to account for the excretion of acid 
urine. (From Pitts et al.2! Courtesy of 7. Clin. Investiga- 


IONIC EXCHANGE THEORY 
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Similarly two hypothetic mechanisms de- 
pending on active tubular transfer have 
been proposed as explanations of urinary 
acidification. The tubular secretion of molecular 
acid has been invoked by Macallum and 
Campbell!® to account for the conversion 
of alkaline buffer components into their 
acid forms. On the other hand, Homer 
Smith?® has proposed an ionic exchange 
mechanism which would accomplish the same 
end. According to this latter view hydrogen 
ions, formed within the tubular cells by the 
dissociation of carbonic acid, are exchanged 
for ions of fixed base bound by buffer acids. 
To describe these latter two mechanisms as 
secretory is only partially justified, for 
reabsorption obviously plays a significant 
role in each. 

It is possible to test certain of these 
theories experimentally in man, more spe- 
cifically the first two, and to rule them out 
as incapable of explaining the known 
capacity of the kidney to excrete titratable 
acid.”! The secretion of molecular acid with 
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subsequent absorption of the salt formed 
cannot be excluded experimentally although 
there is indirect evidence that makes this 
occurrence unlikely.?? Similarly the absorp- 
tion of hydroxyl or carbonate ions,?* with 
the consequent liberation of hydrogen ions 


TUBULAR DISTAL TUBULE CELL TUBULAR 
URINE BLOOD 
| 
Na5HPO METABOLITE + 
2 Op Ho CO, 
Nat 


ANYORASE 
HPO, 
att 
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NaH PO, 
Fic. 5. Nature of the™renal cellular mechanism for 
acidifying the urine. A single cell from the distal seg- 
ment of the renal tubule is illustrated. (From Pitts and 
Alexander.?? Courtesy of Am. 7. Physiol.) 


NaHCO, 


from water or bicarbonate, cannot be 
definitely excluded although the rapid rates 
of transfer and the infinitesimally low values 
to which the concentrations of these ions 
would have to be reduced makes it unlikely 
that appreciable formation of acid could 
result from such processes.?* There remains 
as the most likely occurrence the process of 
ion exchange. 

Our current view of the nature of the 
exchange mechanism is illustrated in Figure 
5 by a diagram of a cell from that portion 
of the distal tubule which is concerned with 
acidification of the urine. Such a cell is 
exposed on one side to the tubular blood, 
on the other to the tubular urine. By virtue 
of its own metabolic activities, as well as its 
exposure to the renal capillary blood, a 
continuous supply of carbon dioxide is 
available to it. Because of its high content 
of carbonic anhydrase’ the cell can rapidly 
transform this dissolved gas into carbonic 
acid. Hydrogen ions dissociated from car- 
bonic acid are exchanged across the luminal 
border of the cell for ions of fixed base in the 
tubular urine. The base, along with an 
equivalent quantity of bicarbonate, is re- 
turned to the renal venous blood. The 
hydrogen ions, along with the anion residue, 
are excreted in the urine as titratable acid. 


One of the complications observed in the 
early chemotherapeutic use of sulfonamides 
at high dose levels was the development of 
a moderately severe acidosis.2° The un- 
substituted sulfonamides, of which sulfa- 
nilamide is the only common example, are 
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Fic. 6. Effect of sulfanilamide on the renal excretion of 
titratable acid in the acidotic dog. (Figure drawn from 
data of Pitts and Alexander.?* Courtesy of Am. 7. 
Physiol.) 


known to block reversibly the enzymatic 
activity of carbonic anhydrase.?”?* The 
effect of blocking carbonic anhydrase on 
the capacity of the kidney to excrete 
titratable acid is illustrated in Figure 6. In 
this experiment on a dog a moderately 
severe acidosis was induced by the ad- 
ministration of ammonium chloride. ‘Titrat- 
able acid excretion was promoted by 
infusing creatinine to provide the kidney 
with a large excess of buffer upon which to 
operate. In the two control periods titrat- 
able acid, represented by the black columns, 
was excreted at a rate of 0.150 mEq./ 
minute. A large dose of sulfanilamide was 
then given intravenously and the drug was 
infused at such a rate as to cause the plasma 
sulfanilamide level to rise from 20 to 45 mg. 
per cent in the course of the next forty 
minutes. Titratable acid excretion dropped 
nearly to zero and urine pH rose from 5.7 
7.2. 

Because sulfanilamide blocks the renal 
tubular replacement of sodium ions with 
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hydrogen ions, it promotes the urinary loss 
of base. That is, the base which would 
ordinarily be replaced by hydrogen ions and 
absorbed as bicarbonate is excreted in the 
urine in combination with buffer acids. 
Sulfanilamide, therefore, can and has been 


DAYS 


PERIOD CONTROL 


SULFANILAMIDE Cc 


SODIUM (MILLIEQUIV. /24°) poTAssiUM (MILLIEQUIV. /24°) 
Fic. 7. Effect of sulfanilamide on the excretion of 
sodium and potassium by a patient in congestive 
heart failure. (From Schwartz.?? Courtesy of New 
England Med.) 


used as a diuretic in the treatment of the 
edema of congestive heart failure. During 
the seven-day control phase of an experi- 
ment by Schwartz,?® summarized in Figure 
7, the rate of sodium excretion of a patient 
in failure averaged 20 mEq. per day, or 
roughly 1 gm. when expressed as sodium 
chloride. During the next seven days 4 gm. 
of sulfanilamide were given each day. 
Sodium excretion increased fivefold, potas- 
slum excretion twofold. Loss of water in 
proportion to loss of ions resulted in a 
significant reduction in weight and in relief 
of dyspnea. 

The schema of ionic exchange outlined in 
Figure 5 and the prominent role assigned to 
carbonic anhydrase in the aforementioned 
discussion undoubtedly oversimplify the 
situation, for the transfers outlined will not 
occur spontaneously. Energy must be cycled 
into the system in some way or other and the 
enzymatic reactions which provide the 
motive power, as well as the gearing by 
which that power is transferred to the 
cellular machinery, have been omitted. 
Crane, Davies and Longmuir,***! studying 
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the gastric mucosa, have proposed that 
electrical energy derived from the metabolic 
activity of the cell is used in an electro- 
chemical process which results in a net 
separation of hydrogen and hydroxyl ions 
within the parietal cell. Carbonic an- 
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Fic. 8. Ammonia concentration of the tubular fluid 
at various levels in the amphibian kidney. (From 
Walker.*> Courtesy of Am. 7. Physiol.) 


hydrase catalyzes the neutralization of the 
hydroxyl ions to bicarbonate ions. The 
hydrogen ions are transferred into the 
gastric juice, accompanied more or less 
passively by chloride ions. Patterson and 
Stetten*? have extended these concepts by 
suggesting that the hydrogen ions are 
formed within the parietal cells by the 
reduction of pyridine nucleotide. Through 
the flavoprotein, cytochrome and _ cyto- 
chrome oxidase systems, electrons origi- 
nating in this reduction are made available 
to reduce molecular oxygen to hydroxyl 
ions. Davies** predicts that all ionic secre- 
tory and absorptive mechanisms, including 
those of the kidney, will be found to have 
features in common. 

Properties of the Renal Mechanism for the 
Excretion of Ammonia. ‘To Nash and Bene- 
dict** belongs the credit for first demon- 
strating that the renal tubular cells form 
ammonia from some precursor in the 
arterial blood and secrete it in high concen- 
tration into the tubular urine, In Figure 8 
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are summarized experiments of Walker*° 
which show that the secretion of ammonia, 
like the elaboration of acid urine, is a func- 
tion of the distal tubule. Fluid drawn from 
the glomerulus and proximal tubule of the 
amphibian kidney contains only insignifi- 
TABLE 0 


GLUTAMINE AMIDE NITROGEN AS A SOURCE OF URINARY 
AMMONIA IN THE DOG* 


Gluta- Resid- 
Renal Ammo- | mine-N ual-N 
Plasma nia-N_ | Extracted) Extracted 
Condition Flow Excreted from (Ammo- 
(cc. per | (mg. per | Plasma | nia-N?) 
min.) min.) | (mg. per | (mg. per 
min.) min.) 
Acidosis 245 0.562 | 0.330 | 0.232 
| 268 0.605 0.390 0.215 
0.615 0.410 0.205 
Alkalosis 178 0.005 0.020 none 
200 0.004 0.020 none 
191 0.004 | 0.040 none 


* From van Slyke et al.*” 


cant traces of ammonia. As fluid traverses 
the distal segment ammonia is added in 
increasing amounts. 

In the past there has been disagreement 
concerning the nature of the plasma pre- 
cursors of ammonia although a majority 
have accepted urea as the probable source. 
Recently Archibald*® demonstrated the 
presence of glutamine in the circulating 
blood plasma and of the enzyme glutami- 
nase in the kidney. Following up _ these 
observations the group working in Dr. van 
Slyke’s laboratory*’ showed in the acidotic 
dog that some two-thirds of the urinary 
ammonia is derived from the amide nitrogen 
of glutamine, and that none is derived from 
urea. The nature of the evidence in favor 
of this concept is illustrated by two experi- 
ments summarized in Table un, the first on 
a dog in acidosis excreting large quantities 
of ammonia, the second on a dog in alkalosis 
excreting essentially no ammonia. Blood 
was drawn from the renal artery and from 
the renal vein. The difference in glutamine 
concentration in the two samples multiplied 
by the quantity of blood plasma flowing 
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through the kidney is a measure of the 
quantity of glutamine extracted by the 
tubular cells and presumably transformed 
in‘o urinary ammonia. In the experiment 
in acidosis the quantity of glutamine nitro- 
gen extracted from the blood could account 
for about two-thirds of the large quantity of 
ammonia nitrogen appearing in the urine. 
In the experiment in alkalosis essentially no 
ammonia was excreted and very little 
glutamine was removed from the blood 
flowing through the kidney. 

Krebs** and others have suggested that 
urinary ammonia is derived in part from 
amino acids other than glutamine and have 
identified enzymes in the renal tubules 
capable of oxidatively deaminizing many 
of the naturally occurring amino acids. In 
Table u the third of the urinary ammonia 
not accounted for by the renal extraction of 
glutamine was presumably derived from 
amino acids. This concept has been strength- 
ened by the demonstration that the intra- 
venous infusion of a number of amino acids 
into acidotic dogs greatly enhances the 
excretion of ammonia.*® 

It is well established that the rate of 
ammonia excretion is proportional to the 
hydrogen ion concentration of the urine. 
The more acid the urine the greater is the 
rate of ammonia excretion. The more 
alkaline the urine the lower is its rate of 
excretion. The data presented in Figure 9 
illustrate this fact well, and likewise the 
additional fact that urine acidity is not the 
sole factor governing ammonia excretion. 
All data in Figure 9 were obtained in 
experiments on one dog. In each experi- 
ment sodium bicarbonate was infused to 
raise the plasma level until it exceeded the 
renal threshold. As increasing quantities of 
bicarbonate appeared in the urine the pH 
of the urine increased. The series of data 
designated normal were obtained on infusing 
bicarbonate into an otherwise normal 
animal. In the series designated acidosis 
ammonium chloride had been administered 
at in‘ervals over the preceding forty-eight 
hours to induce a moderately severe acidosis. 
It is apparent that some adaptation had 
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occurred during the two-day period of 
acidosis which greatly increased the ani- 
mal’s capacity to excrete ammonia at any 
given urine pH. 

Two known facts indicate that the renal 
mechanism for ammonia excretion is closely 
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continued exchange of hydrogen ions for 
base. Each molecule of ammonia secreted 
into the urine binds one hydrogen ion and 
permits one sodium ion to be absorbed. 
Thus ammonia is exchanged for base mole 
for mole although the exchange is indirect. 


Filtrate Blood 
NaCl 
Glutamine \ 
ci-Ht| Amino Acid NaHCO; 
NH: 
mate 
4 
NHgCl 
10 


Fic. 9. Relationship between rate of excretion of ammonia and urine reaction in 
a normal dog and in a dog rendered acidotic for forty-eight hours. (From Pitts.24 


Courtesy of Federation Proc.) 


Fic. 10. Nature of the renal cellular mechanisms for secretion of ammonia. (From 


Pitts.?4 Courtesy of Federation Proc.) 


related functionally to that for titratable 
acid excretion. First, ammonia excretion, 
like titratable acid excretion, mole for mole 
restores base to the body as bicarbonate. 
Second, the rate of ammonia excretion is 
inversely related to urine pH and hence 
must in some way be dependent on the 
mechanism of titratable acid excretion. Our 
views as to the nature of the interrelation- 
ships of the two mechanisms are outlined in 
Figure 10. If the tubular urine contained 
only salts of strong acids such as sodium 
chloride, the exchange of hydrogen ions for 
sodium ions could occur to a very limited 
extent, for the hydrochloric acid formed is 
highly dissociated. The high concentration 
of hydrogen ion attained in the urine would 
block appreciable transfer. The secretion 
of ammonia into the urine neutralizes this 
acid by binding the hydrogen ions as 
ammonium ions, thereby permitting the 
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The factor of urine pH plays its role by 
determining the rate of diffusion of free 
ammonia from its site of high concentration 
in the tubular cell to that of low concentra- 
tion in the urine, where it exists not as free 
ammonia but as ammonium ion. Ammonia 
will diffuse rapidly into acid urine; it will 
diffuse scarcely or not at all into alkaline 
urine. As pointed out earlier the ammonia 
has its origin within the tubular cell in the 
oxidative deamination of amino acids and 
in the hydrolytic transformation of glu- 
tamine to glutamic acid. 


The adaptation of the renal mechanism of 
ammonia excretion to acidosis can be partially 
related to the stimulation of the adrenal glands 
which occurs when body bicarbonate reserves 
are depleted. Figure 11 compares the renal 
responses of six normal rats and six adrenal- 
ectomized rats, maintained on a salt free diet, to 
the daily oral administration of 100 mg. of 
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ammonium chloride.*® As shown in the upper 
left hand side of Figure 11 the normal rats took 
the procedure in stride whereas the adrenal- 
ectomized rats fell rapidly by the wayside. All of 
the adrenalectomized rats were dead by the 
fifth day. All of the normal rats were alive and 
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ciency in the renal response of an adrenal- 
ectomized animal to acidosis can be corrected 
more or less completely with either desoxy- 
corticosterone or adrenal cortical extract.*° 
Furthermore, there is evidence of adrenal 
activation in acidosis, in that a decrease occurs 


SURVIVAL BODY WEIGHT URINE OUTPUT 
Numbers Living Rots Gms. cc.per |OOGms Rat 
230 (Cumulative) 
; «Normal 
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Fic. 11. Comparison of the response of normal and adrenalectomized rats maintained on a salt-free diet 
to the daily administration of 100 mg. of ammonium chloride. (From Sartorius and Pitts. *°) 


healthy. Both groups lost weight for ammonium 
chloride is a moderately effective diuretic at 
this dose level. 

The normal rats lost fair quantities of body 
sodium in the urine on the first day in neutral- 
izing the acid load. Thereafter, they progres- 
sively stepped up their ammonia and titratable 
acid production and curtailed their sodium loss. 
Because they compensated so completely for the 
acid load it could have been kept up indefinitely. 
The showing of the adrenalectomized rats in 
comparison was a poor one. They continued to 
waste sodium in neutralizing their acid load. 
They failed to step up ammonia and titratable 
acid production adequately, went downhill 
rapidly and died with severe acidosis. 

Other experiments indicate that this defi- 


in the content of ascorbic acid and cholesterol 
in the adrenal glands of a normal rat when a 
single large dose of ammonium chloride is 
administered. Nevertheless, a complete ex- 
planation of the adaptive response of the kidneys 
to acidosis is lacking, although a part of the 
adaptation is undoubtedly due to stimulation of 
tubular activity by the adrenal cortical hormone. 


Interrelationships of Plasma Bicarbonate Level, 
Bicarbonate Absorption, and Ammonia and 
Titratable Acid Excretion. If the mechanisms 
for excretion of ammonia and titratable acid 
are to function properly to maintain an 
optimum concentration of bicarbonate in 
the body fluids, it is necessary that the rates 
at which they regenerate base by ion ex- 
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change should be directly governed by the 
state of the body base reserves. It is probable 
that the site at which this control is exerted 
is the distal segment of the renal tubule, and 
that the control is dependent on competition 
between bicarbonate and salts of fixed acids 
as donors of the base exchanged for hydro- 
gen ions and ammonia. 

Our concepts of the way in which the 
quantity of bicarbonate reaching the distal 
tubule governs the excretion of titratable 
acid are illustrated in Figure 12. When the 
bicarbonate concentration of the plasma 
and glomerular filtrate is low, essentially 
all is absorbed in the proximal segment and 
little or none reaches the distal segment 
where ion exchange occurs. The trans- 
formation of buffer salts to titratable acid 
proceeds unopposed and a highly acid 
urine is formed into which ammonia 
diffuses rapidly. In contrast, when the con- 
centration of bicarbonate in plasma and 
filtrate is elevated, considerable quantities 
reach the distal segment. Bicarbonate and 
buffer salts compete as donors of base. In 
place of fixed titratable acid, carbonic acid 
is formed. The excess bicarbonate along 
with the unaltered buffer salts are elimi- 
nated in alkaline urine, into which little 
or no ammonia diffuses. The slow dehydra- 
tion of carbonic acid to carbon dioxide 
accounts for the high gas tensions earlier 
pointed out as being characteristic of 
alkaline urine. 

The relationship between the plasma 
concentration of bicarbonate and the ac- 
tivity of those renal mechanisms which 
defend the base reserves of the body is 
illustrated in Figure 13. 


In this experiment the acid-base balance of an 
otherwise normal subject was changed from a 
state of moderately severe acidosis to one of mild 
alkalosis within a relatively short period of time 
by the infusion of sodium bicarbonate. Acidosis 
was induced by the ingestion of 20 gm. of am- 
monium chloride on the day preceding the 
experiment. Because the rate of buffer excretion 
is low in ammonium chloride acidosis, creatinine 
was infused throughout the course of the experi- 
ment at a constant rate to increase the elimina- 
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tion of titratable acid to levels sufficient for 
accurate evaluation. The rates of excretion of 
titratable acid and ammonia are plotted up- 
ward, that of bicarbonate downward from the 
base line through the middle of the chart to 
emphasize their opposite relations to base 


ACIDOSIS ALKALOSIS 
NA,HPO, 
| NAHCO3 
HPOY HCOs 
4 
CO, 
PO, NAgHPO, 


Fic. 12. Explanation of the inverse relationship be- 
tween titratable acid excretion and the plasma level 
of bicarbonate. (From Pitts.24 Courtesy of Federation 
Proc.) 


economy. Plasma bicarbonate was raised grad- 
ually by the infusion of sodium bicarbonate 
from 15.5 mEq./L. to over 29 mEq./L. as a 
linear function of time. 

Titratable acid and ammonia excretion were 
unaffected during the first sixty minutes of the 
experiment although plasma bicarbonate rose 
from 15.5 to 19 mEq./L. during this interval. 
In the fifth period at a plasma bicarbonate con- 
centration of 20 millimols/L. the first perceptible 
reduction in acid and ammonia excretion 
occurred, a reduction which was progressive 
throughout the subsequent periods of the 
experiment. Not until the tenth period was any 
appreciable quantity of bicarbonate excreted. 
Thus from the fifth through the ninth periods 
the presentation of increased quantities of bi- 
carbonate to the renal tubules and the re- 
absorption of that bicarbonate in some way 
diminished the excretion of titratable acid and 
ammonia by the tubules. 


Our interpretation of this experiment 
may be appreciated by reference to the 
diagrams in Figure 12. The situation during 
periods 1 through 4 corresponds to that 
illustrated in the diagram designated acz- 
dosis. At plasma levels below 20 mEq. /L. 
essentially all of the bicarbonate is absorbed 
in the proximal segment; little or none 
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reaches the distal segment; and base is 
exchanged for hydrogen ions and ammonia 
at maximal rates. When the plasma bicar- 
bonate concentration exceeds 20 mEq. /L., 
proximal absorption is incomplete and 
appreciable quantities of bicarbonate enter 


structure of his body fluids are illustrated in 
Figure 14.*! 


For fifteen days the subject was maintained on 
a diet constant with respect to calories, protein 
and electrolytes. Successive twenty-four-hour 
urine samples were collected and analyzed for 
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Fic. 13. Relationship between base conservation (ammonia and titratable acid 
excretion), base excretion (as bicarbonate) and plasma level of bicarbonate. 
(From Pitts et al.* Courtesy of 7. Clin. Investigation.) 


the distal segment. Bicarbonate-bound base 
competes with base bound by fixed acids in 
exchange for hydrogen ions. Less fixed 
titratable acid is formed, the urine is less 
acid in reaction, and in consequence less 
ammonia diffuses into the tubular urine. 
However, up to plasma concentrations of 
25 to 26 mEq. /L. the bicarbonate entering 
the distal tubule is completely absorbed by 
ion exchange. At plasma concentrations 
above 27 to 28 mEq. /L. the absorption of 
bicarbonate in the distal tubule is incom- 
plete, appreciable quantities appear in the 
urine and the reaction of the urine becomes 
definitely alkaline. Under these circum- 
stances the excretion of titratable acid and 
ammonia approach zero; in fact, titratable 
alkalia is eliminated instead. 

Mode of Operation of the Renal Defenses of 
Acid-base Balance in Health and Disease. ‘The 


_ means by which the normal individual with- 


stands the initial insult of a suddenly im- 
posed acid load and the way in which his 
kidneys repair the damage to the acid-base 


selected ionic constituents. The rates of excretion 
of these several constituents, expressed in milli- 
equivalents per day, are plotted in block form. 
During the first five days, which constitute the 
control phase of the experiment, the net load of 
acid produced in the metabolism of the dietary 
protein and fat averaged 79 mEq. per day, 35 
mEq. of which were excreted in combination 
with ammonia and 44 mEq. as free titratable 
acid. The subject was in electrolyte balance, 
excreting on an average 140 mEq. of sodium, 
130 mEq. of chloride and 41 millimols of phos- 
phate per day. In Figure 14 the excretion of 
sodium is plotted downward from that of 
ammonia and titratable acid to emphasize its 
opposite relation to base economy. 

The acid load on the body was increased 
sharply during the second five-day period by 
the ingestion of 10 to 15 gm. of ammonium 
chloride per day. Fifteen gm. of ammonium 
chloride constitute a load equivalent to 2,900 cc. 
of 0.10 normal hydrochloric acid. It is evident 
that chloride excretion rose sharply on the first 
day of increased acid load. Urine pH dropped 
from a mean control level of 5.7 to 4.9; but since 
little hydrochloric acid can exist free in urine of 
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this reaction and since ammonia excretion was 
only moderately increased, the excess chloride 
was almost entirely neutralized by sodium* 
drawn from the buffer stores of the body. During 
the subsequent four days of acid ingestion this 
threat to the alkali reserve was met by the 
excretion of more titratable acid but, most 
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369 
disturbances had been corrected completely and 
conditions were back to normal. 


An analogous experiment performed by 
Atchley, Loeb, Richards, Benedict and 
Driscoll** on a young severely diabetic pa- 
tient is illustrated in Figure 15. 


KETOSIS. 


RECOVERY 


Units insulin per 


ANION EXCRETION (mM /day) 


Ammonia 
[ Vitrateble Acid 


Fic. 14. Renal excretion of ions by a subject with normal renal function in ammonium chloride acidosis. (From 


Sartorius et al.41 Courtesy of 7. Clin. Investigation.) 


Fic. 15. Renal excretion of ions by a diabetic subject in ketosis. (Figure drawn from the data of Atchley et al.44 


Courtesy of 7. Clin. Investigation.) 


significantly, also by the excretion of increased 
quantities of ammonia. As ammonia excretion 
increased base loss diminished in proportion 
until on the last day of acid ingestion a positive 
sodium balance was attained. Recovery had 
thus begun although the acid load was still 
great. 

The processes of recovery and restoration of 
normal acid-base balance are well illustrated 
in the final five-day period of this experiment. 
On the first day of recovery essentially no 
sodium was excreted; all of that ingested in the 
diet was retained in the body. Anions were 
largely eliminated in combination with am- 
monia for the rate of excretion of ammonia was 
maintained near its peak level. Retention of 
sodium was evident for five days during which 
time the excess lost in the period of acidosis was 
restored to the body in full. On the sixth day of 
recovery, which is not shown in this chart, all 


* Other experiments have demonstrated that potas- 
sium, calcium and magnesium neutralize a part of the 
urinary acid. Furthermore, in long-standing acidosis 
intracellular potassium stores may be seriously depleted 
by continued urinary loss.*?: 4% 
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Their subject required 85 units of insulin per 
day for adequate control of his disease. Upon 
such a regimen excretion of ketone bodies was 
essentially zero and acid-base balance was 
attained during the control period by the 
elimination of 40 mEq. of acid in combination 
with ammonia and 30 mEq. in free titratable 
form, essentially the same quantities as in the 
previous normal subject. When insulin was 
withdrawn for four days, an increasingly severe 
ketosis developed, illustrated in the upper part 
of Figure 15, by a progressively increasing rate 
of excretion of beta-hydroxybutyric acid. This 
extra urinary acid was neutralized in part by the 
fixed bases, sodium, potassium and calcium, and 
in part by ammonia. A significant fraction was 
eliminated in free titratable form, for in urine 
of pH 5.3 roughly 30 per cent of beta-hydroxy- 
butyric acid can exist as free acid. Despite in- 
creased excretion of titratable acid and am- 
monia, a severe acidosis developed and it was 
necessary to terminate the experiment by 
institution of insulin therapy. As in the normal 
subject the continued excretion of ammonia at 
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a high rate permitted the restoration of base 
reserves and the attainment of equilibrium by 
the fifth day. 


This experiment and the previous one as 
well illustrate the capacity of the normal 


™mEQ, CALCIUM CHLORIDE PERIOD AFTER PERIOD 
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Fic. 16. Comparison of the renal excretion of ions by a 
subject with normal renal function and one with re- 
duced renal function in calcium chloride acidosis. 
(From Gamble et al.4° Courtesy of 7. Clin. Investigation.) 


kidney to correct disturbances of acid-base 
balance when provided with adequate 
quantities of fluid and sodium chloride. 
For such individuals alkali therapy of 
acidosis is unnecessary. The young diabetic, 
adequately hydrated with saline and glu- 
cose infusions and controlled with insulin, 
can correct a severe ketosis promptly with- 
out risking alkalosis. Such is not necessarily 
the case in the elderly diabetic who may ex- 
hibit relative or absolute renal insufficiency. 

In Figure 16, taken from the work of 
Gamble, Blackfan and Hamilton** the re- 
sponse of a normal individual to a standard 
acid load is compared with that of a patient 
with chronic nephritis. Calcium chloride 
was administered as the acidifying agent. 


In each graph the urinary rates of excretion 
of chloride, fixed base and ammonia are 
plotted as increments over fore-period 
levels. It is evident in both the normal and 
nephritic subjects that early in the period 
of acid stress the excess urinary chloride 
was largely neutralized by fixed base. How- 
ever, in the normal subject ammonia excre- 
tion increased promptly and by the sixth 
day was of sufficient magnitude to cover the 
chloride load. Loss of fixed base ceased, and 
in the succeeding recovery period depleted 
base reserves were restored promptly. In 
contrast, ammonia excretion in the ne- 
phritic subject increased but little. Loss of 
fixed base continued at a high rate and it 
was necessary to terminate the experiment 
on the fourth day because of the develop- 
ment of severe acidosis. Recovery was slow 
and inadequate. 


SUMMARY 


The kidney participates in the regulation 
of body neutrality by stabilizing the plasma 
concentration of bicarbonate-bound base at 
a level of 25 to 27 mEq. /L. The respiratory 
system participates by stabilizing the plasma 
carbonic acid level at 1.25 to 1.35 mEq. /L. 
Together the concentrations of these two 
components determine the reaction of the 
blood plasma and interstitial fluid which, 
under normal conditions, is maintained re- 
markably constant at pH 7.4. 

The problem of the renal stabilization of 
the concentration of bicarbonate is a dual 
one, involving both salvage of the filtered 
bicarbonate and restoration to the body of 
the base utilized in neutralizing metabolic 
acids. In a quantitative sense, salvage of 
bicarbonate from the glomerular filtrate is 
the more significant for each day more than 
a pound of the sodium salt is absorbed by 
the renal tubules. The efficiency of the ab- 
sorptive mechanisms is such that under nor- 
mal conditions less than 0.10 per cent of 
that filtered is wasted in the urine. Never- 
theless, following the ingestion of bicarbon- 
ate large quantities can be eliminated with 
only a slight increase in plasma level. 

Somewhat more interesting from’ the 
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point of view of the physiologist and the 
clinician as well are the tubular mechanisms 
which substitute hydrogen or ammonium 
ions for sodium ions in the tubular urine. 
By virtue of these substitutions, metabolic 
acids may be excreted in free titratable 
form or in combination with ammonia, 
without sacrifice of the limited stores of 
body base. Both substitutions are carried 
out by the distal segments of the renal 
tubules, and certain enzymes, namely, car- 
bonic anhydrase, glutaminase and a group 
of amino acid oxidases, have been assigned 
specific functions. 

The acidosis of diabetic ketosis is pri- 
marily a consequence of flooding the renal 
tubules with such a load of metabolic acid 
that the exchange capacities of the tubules 
are overwhelmed. On the other hand, the 
acidosis of chronic renal disease is primarily 
a consequence of the inability of damaged 
renal tubules to exchange hydrogen ions and 
ammonia for base at a rate sufficient to 
compensate for a normal metabolic acid 
load. In either circumstance body base is 
drained away in neutralizing urinary acid. 
In chronic renal disease there is the addi- 
tional factor of a reduced capacity to excrete 
phosphate and sulfate, both of which are 
filtered through the glomeruli and partially 
reabsorbed by the renal tubules. A reduction 
in the filtering bed accounts for a piling 
up of sulfate and phosphate in the body 
fluids with consequent displacement of 
bicarbonate. 

Given a period of a few days in which to 
effect adjustments, normal renal tubules 
can increase their capacity to excrete acid 
more than tenfold. A part of this adjustment 
may be brought about by increased produc- 
tion of adrenal cortical hormones. 
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Treatment of Neurosyphilis 


HESE are stenographic reports of conferences by the members of the Department of 

Pharmacology and of Medicine of Cornell University Medical College and New York 
Hospital, with collaboration of other departments and institutions. The questions and dis- 
cussions involve participation by members of the staff of the college and hospital, students 
and visitors. A selected group of these conferences is published in an annual volume, 
Cornell Conferences on Therapy, by the Macmillan Company. 


Dr. WatsH McDermott: The topic of 
the conference this afternoon is one of 
the two most important complications of 
syphilis. Up to about ten or fifteen years ago 
it was customary to believe that almost 
every kind of trouble was in store for the 
patient with syphilis. In more recent years 
the problems of the patient with syphilis 
have taken on a different aspect. Syphilitic 
infection during the early stages is now 
looked upon as a benigu disease which 
causes no serious damage in most indivi- 
duals. In the main, only two factors now 
stand out as serious problems in the infected 
person; they are syphilis of the aorta and 
syphilis of the nervous system. Of the two, 
neurosyphilis is by far the more important. 
The discussion of this subject will be opened 
by Dr. Webster. 

Dr. Bruce WEpsTER: Since the treatment 
of syphilis of the central nervous system 
varies with the type of the disease, it is per- 
haps well to consider for a moment the 
matter of classification. By far the most 
frequent is the asymptomatic variety. It is 
recognized by the presence of a “‘positive’’ 
spinal fluid. The symptomatic variety falls 
into two general categories, namely, the in- 
flammatory group and the degenerative 
group. In the inflammatory group, acute 
syphilitic meningitis and meningovascular 
syphilis are the most important. The de- 
generative group includes tabes, paresis and 
primary optic atrophy. It is well to bear in 
mind that, due to the diffuse nature of the 
infection, combinations of the aforemen- 
tioned categories may occur in any one 
individual. 
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I should like to re-emphasize what has 
often been stated, namely, that prevention 
by the adequate treatment of early syphilis 
is the best form of therapy for syphilis of the 
central nervous system. If early syphilis 
were adequately cared for, this would be 
eradicated. 

The evaluation of therapy for syphilis of 
the central nervous system must take into 
account many factors. First, there is the 
type of disease. Other factors are the race, 
sex and age of the patient, the duration of 
the syphilitic infection, the type and amount 
of treatment previously received, and the 
type of spinal fluid change. 

At the present time considerable con- 
troversy exists among authorities on this 
disease as to whether therapy should be 
evaluated on clinical grounds or on the 
basis of changes in the spinal fluid. It is 
important to remember that in the degener- 
ative types of the disease, antisyphilitic 
therapy cannot be expected to restore 
destroyed nerve cells. For this reason Datt- 
ner and Thomas have stressed the impor- 
tance of evaluation of therapy on the basis 
of changes in the spinal fluid. Such an 
evaluation must take into account the fol- 
lowing: (1) the cell count; (2) quantitative 
determination of protein; (3) quantitative 
titration of complement fixation; (4) colloi- 
dal gold test. If the cell count and spinal 
fluid protein are above normal, they con- 
sider the spinal fluid as ‘“‘active.” In other 
words, the advocates of this view believe 
that if the spinal fluid cell count and protein 
content become and remain normal as a 
result of treatment, even though the quanti- 
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tative Wassermann and colloidal gold curve 
remain fixed, the process in the nervous 
system, regardless of its type, has been 


rendered ‘inactive’? and non-progressive . 


whether or not the patient has achieved 
any degree of clinical improvement. Under 
such circumstances they consider further 
treatment useless. Conversely, Dattner and 
Thomas believe that if the cell count and /or 
protein content of the spinal fluid do not 
become normal after treatment or if follow- 
ing a period of return to normal the values 
again become abnormal, the patient should 
be re-treated. 

Other authorities are not in agreement 
with the concept of what is referred to as 
‘treating the spinal fluid and not the pa- 
tient.” Many patients show inactive spinal 
fluids before treatment but give evidence of 
clinical progression of the disease. The 
patient or his family is much more interested 
in relief of the symptoms and the mainte- 
nance of health. Unfortunately, this does 
not always coincide with inactivity of the 
spinal fluid. Both the spinal fluid changes 
and the clinical status must be considered in 
evaluating therapy. 

Time will not allow a detailed discussion 
of the older methods of treatment of syphilis 
of the central nervous system. The results 
of the so-called intensified routine chemo- 
therapy with arsenic and bismuth, either 
alone or combined with fever, are listed in 
all standard textbooks and may serve as a 
basis of comparison in the evaluation of the 
newer forms of therapy. Although induced 
fever has been used for twenty years, au- 
thorities are not yet in complete accord as 
to the value of this measure, applied in the 
form of malaria or artificial fever, in the 
treatment of syphilis of the central nervous 
system syphilis. 

After the report by Mahoney, Arnold and 
Harris in 1943, pointing to the effectiveness 
of penicillin in early syphilis, clinical trials 
with penicillin in the central nervous system 
forms of the disease were made. In a coop- 
erative study sponsored by the National 
Institute of Health considerable informa- 
tion has been accumulated in approximately 


5,000 cases of syphilis of the central nervous 
system in which the treatment was either 
penicillin alone or penicillin and fever 
therapy. The results have recently been 
summarized in a report to the Council 
on Pharmacy and Chemistry of the Ameri- 
can Medical Association by the Syphilis 
Study Section of the National Institute of 
Health.* Crystalline penicillin G is the 
product of choice in the treatment of syphi- 
lis in man. It is relatively non-toxic. The 
only reactions, other than those of the 
Jarisch-Herxheimer type, are allergic in 
nature and are mild. This fact alone makes 
penicillin a highly desirable agent in the 
treatment of neurosyphilis. 

The dosage of penicillin used has ranged 
from 4 to 10 million units given over periods 
of from seven to twenty-one days. In the 
New York Hospital we have used a total 
dosage of 4.2 million units given over a 
period of fourteen days. This was formerly 
administered in about 25,000-unit doses at 
intervals of two hours but is now adminis- 
tered as a single daily injection of 300,000 
units. When fever was used at all, it was in 
the form of malaria or artificial fever in- 
duced by the diatherm. 

Two schools of thought appear to be 
emerging: One group advocates the use of 
penicillin alone in all forms of neurosyphilis. 
The patient is re-treated if after the first 
course signs of relapse appear, either clinical 
or in the spinal fluid. The proponents of this 
plan maintain that the results with penicillin 
alone are better than those with the older 
methods of chemotherapy and are at least 
as good as chemotherapy combined with 
malaria; and further, that penicillin pos- 
sesses the advantage of complete safety from 
serious reactions. The other groups of in- 
vestigators advocate the use of penicillin 
alone in the asymptomatic type, and also in 
the inflammatory type of symptomatic 
neurosyphilis, but urge concurrent fever 
and penicillin in the degenerative types, 
such as tabes, paresis and optic atrophy. 
Fever therapy may consist of the standard 
ten to twelve paroxysms above 39.3 degrees 


* 7. A. M. A., 136: 877, 1948. 
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or may be the milder course of six to eight 
paroxysms as advocated by Solomon. 

There appears to be general agreement 
that penicillin alone exerts a profoundly 
favorable effect in asymptomatic syphilis 
of the central nervous system. The cell 
count of the spinal fluid returns to normal 
in from two to six months after treatment. 
The protein is the next to attain the normal 
level. The Wassermann reaction and the 
colloidal gold tests show return toward 
normal more slowly. In the inflammatory 
types of neurosyphilis, i.e., acute syphilitic 
meningitis and meningovascular syphilis, 
the results of penicillin therapy equal or 
exceed those of chemotherapy. 

In paresis, tabes dorsalis and primary 
optic atrophy, the results are perhaps more 
controversial. Nerve tissue already destroyed 
cannot be restored. Some of the disagree- 
ment among observers may depend on 
differences in the type of patients. Many of 
the large syphilis clinics deal, in the case of 
paretics, with patients who are ambulatory 
and who do not have to be confined or re- 
strained. The results with penicillin therapy 
alone in these have been, on the whole, 
satisfactory. On the other hand, Solomon, 
dealing with psychotics in more advanced 
stages of the disease, may achieve better 
results with therapy in which both fever and 
penicillin are used. Again, the basis for some 
of the controversy may be the fact that the 
patients in the various clinics have not been 
entirely comparable. 

Penicillin certainly extends the life ex- 
pectancy of paretics. Many have been able 
to return to work. From the present evi- 
dence, approximately 50 per cent show 
definite improvement. In the others the 
condition remains unchanged or deterio- 
rates. From 6 to 10 per cent succumb 
despite treatment. 

The recent report to the Council on 
Pharmacy and Chemistry indicates that the 
value of adding malaria to treatment with 
penicillin is inconclusive. As I have stated, 
the difference in results with and without 
malaria may depend upon the stage of the 
disease at which therapy is instituted. 
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Penicillin produces striking relief of some 
of the clinical symptoms in many tabetics. 
Data are not yet available as to whether it 
will permanently arrest the tabetic de- 
generative processes. However, it is gen- 
erally agreed that penicillin is more effective 
in tabes dorsalis than arsenic and bismuth. 
Whether or not malaria will augment the 
results is still uncertain. 

Just as the results of the treatment of 
primary optic atrophy with chemotherapy 
and malaria were far from satisfactory, so 
is the treatment with penicillin and malaria. 
However, the latter appears to offer the 
best form of therapy available at the 
present time. 

The policy we have adopted in the 
Syphilis Clinic of the New York Hospital 
offers a ‘“‘middle of the road” plan. We 
prefer to use, as a rule, 4.2 million units of 
penicillin in fourteen days as the first 
course of treatment of all forms of syphilis 
of the central nervous system, except pri- 
mary optic atrophy. If the clinical course 
of the disease or the spinal fluid change 
progresses unfavorably after this therapy, 
it is our policy to give another course of 
treatment with penicillin alone or penicillin 
combined with malaria, depending on the 
urgency of the situation and the patient’s 
general condition. In all cases of primary 
optic atrophy we have used penicillin com- 
bined with fever. Follow-up at frequent 
intervals with combined clinical, psycho- 
metric and spinal fluid examinations is es- 
sential in order to evaluate the results of 
therapy in syphilis of the central nervous 
system. 

In conclusion, it would appear that 
penicillin alone, in adequate dosage, given 
over a sufficiently long period of time, is a 
safe and effective form of treatment in most 
types of syphilis of the central nervous sys- 
tem. Further evidence is necessary to 
determine whether or not the addition of 
fever therapy enhances the effectiveness of 
penicillin therapy in the forms of the disease 
which are resistant to treatment with 
penicillin alone. 
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Dr. McDermott: The conference is now 
open to questions. Dr. Wolff, would you 
care to comment? 

Dr. Harotp G. The symptoms 
which are most troublesome to the clinician 
are those which occur late in the course of 
tabes when the patient is referred to as a 
case of “‘burned-out” tabes. I refer particu- 
larly to the tabetic crisis and root pains, 
which ordinarily occur in patients whose 
spinal fluid and blood are normal, and also 
cases of optic atrophy. Is there anything to 
be said about the management of these diffi- 
cult conditions? I understand that some 
cases of optic atrophy are substantially 
benefitted by the use of malaria. I am also 
told that the process is sometimes arrested 
and that if it involves only one eye, the 
other eye fails to become involved. What 
can be said about the effects of malaria in 
root pains of the tabetic crisis? 

Dr. McDermott: Dr. Webster, would 
you care to speak on these points? 

Dr. WEBsTER: At a recent symposium on 
syphilis the various forms of therapy for 
primary optic atrophy were extensively 
discussed. I find myself on the fence regard- 
ing the benefit of any therapy for optic 
atrophy. There has always been the hope 
that the disease can be arrested, but the 
situation is now becoming one in which 
those who have had a great deal of experi- 
ence are growing more and more pessi- 
mistic about the results of treatment of 
primary optic atrophy due to syphilis. This 
was reflected in the recent summary on 
this subject by the Syphilis Study Section 
which concluded that there was not enough 
evidence for a comparison of the results of 
penicillin and malaria with those of other 
chemotherapy and malaria. Our own ex- 
perience is also inconclusive but it is by 
reason of this very lack of conviction that we 
continue to use malaria in primary optic 
atrophy. 

Dr. McDermott: Does not the evidence 
show that malaria without chemotherapy 
is of no use at all? 

Dr. WEBSTER: Yes, but I am pessimistic 
as to the effect of any form of therapy of this 


condition, although here and there some- 
thing seems to happen to make us suspect 
that the treatment might have arrested the 
disease. 

Dr. McDermott: Did I understand you 
to say that the course of a tabetic’s pains is 
altered by penicillin? 

Dr. WEBssTER: I might begin the answer 
by stating that it was our belief that thia- | 
mine chloride, which we used for a number 
of years, provided distinct relief of symp- 
toms. There are, however, many factors 
which might enter into such relief, namely, 
changes in climate, suggestion and others. 
In the presence of an active spinal fluid we 
believe that penicillin therapy benefits the 
patient beyond a question of doubt. In the 
so-called ‘“‘burned-out” individuals with 
negative spinal fluid there is no satisfactory 
evidence of benefit. 

Dr. McDermott: The situation in tabes 
is a good example of the fact that the diag- 
nostic and therapeutic aspects in syphilis 
have advanced far more than our under- 
standing of the disease. It is difficult to 
understand how an antimicrobial agent 
could possibly affect the pains of tabes, be- 
cause such an agent could exert an influence 
only on the microbes. It is difficult to con- 
ceive of an infection lasting twenty years, 
progressing in no other way than to produce 
bouts of severe pain at long intervals. Yet 
that is exactly what seems to happen. I 
must admit that it is extremely difficult to 
arrive at a conviction regarding the value 
of a new agent for the relief of pain in a 
patient with tabes but I may express my 
belief that I have never been convinced 
that any of the agents previously used, 
namely, malaria, metals or vitamins, signifi- 
cantly altered the pain. I am inclined to 
believe that penicillin has somewhat altered 
the situation and that this agent does in- 
fluence these pains, but it is my impression 
that the effect is not very substantial. I 
believe you have in your series patients in 
whom gastric crises while receiving peni- 
cillin have developed. 

Dr. Wo rr: What are the current views 
concerning the role of malaria in these 
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various types of syphilis? Is its effect in any 
way different from that of raising the tem- 
perature by some hot-box method? 

Dr. McDermott: That also is an un- 
settled question. A special immunity factor 
is a possibility in the case of malaria. How- 
ever, fever induced by mechanical means 
produces results difficult to distinguish from 
those of fever induced by malaria. It is ex- 
tremely likely that there is no difference in 
the mode of action. 

Dr. WEssTER: It might be interesting to 
mention at this point that some benefit is 
derived from shock therapy and penicillin. 

Dr. Wotrr: In what group? 

Dr. WEssTER: In paretics. 

Dr. McDermott: Are there other ques- 
tions? 

Dr. McKEEN CaTTELL: Have you thrown 
the arsenicals out entirely in the treatment 
of neurosyphilis? 

Dr. WEBSTER: I would say that there is 
no question at all of the desirability of dis- 
carding tryparsamide. There is so much 
danger in this drug. Penicillin accomplishes 
more in a much shorter period of time. I 
would go further and state that the same 
applies to other forms of arsenic and bis- 
muth. Penicillin produces little or no toxic 
effects and is just as effective therapeutically 
as arsenic and bismuth. Furthermore, there 
is the important factor of the markedly 
shortened period of treatment in the case of 
penicillin. I believe there is now general 
agreement that it is possible to accomplish 
as much in all forms of neurosyphilis with 
the use of penicillin as with arsenic and 
bismuth. 

Dr. CaTTELL: Do you not use arsenic in 
this hospital? 

Dr. WEBsTER: No. 

Dr. McDermott: Those who still hold 
to arsenic and bismuth are, I believe, ultra- 
conservative. I do not think there is the 
slightest doubt that penicillin is more effec- 
tive than any other chemotherapy asa thera- 
peutic agent for syphilis of the central nervous 
system. It was never possible to produce 
the profound and extensive cerebrospinal 
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changes with the agents used prior to 
penicillin. 

Dr. RALPH R. TompseEtt: I wonder if Dr. 
Webster would enlarge on his statement 
about the Herxheimer reactions? Was he 
referring to the Herxheimer reactions in 
neurosyphilis and, if so, are they dangerous? 
He also referred to allergic reactions in peni- 
cillin therapy. Would he say more about 
these? 

Dr. WessTER: The subject of allergic 
reactions is a fairly large one. I was referring 
simply to the ordinary hypersensitivity reac- 
tions which are encountered in some individ- 
uals following the administration of peni- 
cillin. There has been some reference in the 
literature to Herxheimer reactions in neuro- 
syphilis, especially in paretics and, to a 
lesser extent, in tabetics. A few observers 
have noted that the lightning pains in tabes 
are increased during the period of penicillin 
therapy. Others have reported that the 
degree of psychosis is increased in paretics. 
These observations have not been suffi- 
ciently confirmed and I do not believe that 
enough information concerning them is 
available to decide whether they are the 
result of therapy or merely coincidental. 
Drs. Moore and Farmer reported a few 
cases in which a rise in temperature fol- 
lowed the administration of penicillin to 
patients with neurosyphilis but there were 
no untoward effects and these few may have 
been coincidental. 

Dr. McDermott: Are you afraid of a 
Herxheimer reaction in neurosyphilis, Dr. 
Webster? 

Dr. WEssTER: I am not. We have had no 
such reactions here. It is only fair to state 
that there are some who hold a contrary 
view. 

Dr. McDermott: I am inclined to agree 
with you. Spirochetes are necessary to pro- 
duce the reaction, which reflects the killing 
of spirochetes. The reaction is transient. I 
should like to stress the desirability of going 
ahead with the treatment. It should not be 
interrupted because of the reaction. The 
reports on Herxheimer reactions in tabes 
are in need of careful scrutiny since a true 
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Herxheimer reaction would involve the 
assumption that there are spirochetes in 
tabes. 

Dr. WorrFr: Would you say something 
about the public health aspect of the new 
treatment? Is there any evidence that the 
intensive preoccupation with treatment of 
very early syphilis is reducing the amount 
of neurosyphilis? 

Dr. McDermott: It is too early for a 
conclusive answer to that question. The 
amount of early neurosyphilis occurring as 
a relapse of infectious syphilis treated with 
penicillin, or treated with other rapid 
methods for that matter, is very small 
indeed. If the patients had only one 
syphilitic infection and if that were treated 
with penicillin, I have little doubt that the 
incidence of neurosyphilis would decline. 
However, there is the point that some of 
these patients have three, four or five in- 
fections of syphilis, and how that would 
affect the incidence of late neurosyphilis 
only time can tell. 

Dr. WeEBsTER: Don’t you think we shall 
have to wait ten or fifteen years, a time 
sufficiently long to give these patients an 
opportunity to develop neurosyphilis, before 
the effect of the treatment on the incidence 
of neurosyphilis can be properly judged? 

Dr. McDermott: Perhaps it does not 
have to take so long. I believe that in the 
patient who is free from neurosyphilis two 
or three years after the initial syphilis, and 
who does not acquire the disease again, 
neurosyphilis will not develop. I think the 
patient can be assured early in the course 
that the chance of having neurosyphilis de- 
velop is negligible, provided these condi- 
tions prevail, namely, effective treatment 
of early syphilis; absence of reinfection and 
absence of neurosyphilis after a lapse of 
two or three years following the initial 
attack. That may not apply to the de- 
velopment of tabes in all cases of syphilis. 
We simply do not understand the conditions 
which apply to tabes. 

Dr. Webster, would you tell us something 
about your plan for follow-up? How long 


does one pursue it and what criteria are 
used? 

Dr. WeEssTER: I might describe the 
routine we use here. We try to see all pa- 
tients with neurosyphilis treated with peni- 
cillin at intervals of a month after their 
discharge from the hospital. We endeavor 
to examine the spinal fluid at intervals of 
three months in the first year. If the spinal 
fluid becomes negative and remains so for 
a year, the intervals between examinations 
are prolonged. On the other hand, if the 
abnormal findings in the spinal fluid re- 
main unchanged, the follow-up is made 
more intensive. All patients with syphilis of 
the central nervous system should remain 
under observation for life. 

Dr. Wo rr: I wonder if we could have 
some more discussion of the laboratory 
tests used as guides to improvement after 
treatment with penicillin alone, or by 
combined treatment. 

Dr. McDermott: The evidence is fairly 
good that the abnormal findings in the 
spinal fluid, namely, increase in cell count, 
increase in total protein and the abnormal 
protein reflected in the gold curve, dis- 
appear with approximately the same speed 
under treatment with either penicillin or 
malaria. The same is true of the Wasser- 
mann test but modifications of the comple- 
ment fixation tests have greatly increased 
their sensitivity. For these to become totally 
negative would frequently take as long as 
four or five years. 

Dr. WotrrF: Do you refer to both blood 
and spinal fluid? 

Dr. McDermott: I was speaking only 
of the spinal fluid. It is easier to reverse 
serologic tests of the blood than of the spinal 
fluid. In a_ long-treated neurosyphilitic 
patient it is not uncommon to find the 
blood serology negative but the spinal fluid 
quite ‘‘active.”’ 

Dr. WeBssTER: Do you believe that the 
type of syphilis would have a bearing on 
this point? Do you think that the in- 
flammatory types, such as acute syphilitic 
meningitis and possibly meningovascular 
syphilis, show improvement in cells and 
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protein of the spinal fluid more rapidly 
after penicillin than after malaria? 

Dr. McDermott: I am glad you brought 
up these points. It is possible to compare the 
two agents only in those types in which one 
or the other is used. Syphilitic meningitis 
has never been treated with malaria. 

Dr. WotrF: Could you indicate the 
general course of the changes in the Wasser- 
mann test during the first few months of 
vigorous treatment and also the changes 
that one might expect in the ensuing four or 
five years? 

Dr. McDermott: If one starts with a 
six-tube titer, at the end of one year after 
completion of treatment it may go down to 
four or a little less. At the end of two to four 
years only a very low titer may remain. In 
such a case, it would be wise to have the 
tests made by the same laboratory under the 
same conditions. A titer which has become 
very low may be found positive by one 
laboratory and negative by another. 

Dr. Wo rr: I take it then that after the 
complement fixation test has fallen to a 2 
plus you might allow the patient to carry 
that the rest of his life. 

Dr. McDermott: If the situation in 
syphilis is compared with that of other 
infectious diseases, the persistence of posi- 
tive serologic reactions cannot be regarded 
as harmful. When the syphilologist aims at 
absolute disappearance of positive serologic 
reactions, he is aiming at a result impossible 
to achieve in other infections. Sociologic and 
emotional factors associated with the pres- 
ence of positive reactions provide a strong 
pressure behind the aim for serologic 
reactions. I am sure that as many people 
are injured by the knowledge that they have 
syphilis, even of an inconsequential nature, 
as are harmed by the organic changes of 
syphilis. 

Dr. WEBSTER: Don’t you think that the 
longer the patient has had syphilis of the 
central nervous system the more difficult it 
may be toreverse positive serologic reactions? 

Dr. McDermott: I do not know whether 
it is a general rule. Your reference to the 
rapid reversal in the case of acute syphilitic 
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meningitis supports the view. However, 
whether a difference would be in evidence 
in a comparison between, for example, a 
disease with a duration of five years and one 
of ten years, I cannot be sure. 

Dr. WEBsTER: I have the impression that 
the reversal of positive serologic reactions 
is more readily achieved in early than in 
long-standing cases. 

Dr. McDermott: That seems reasonable. 

Dr. WEBSTER: It is important to bear in 
mind that in some patients the positive 
reaction of the spinal fluid cannot be 
reversed regardless of the amount of treat- 
ment. As Dr. McDermott has pointed out, 
after a vigorous course of therapy the 
syphilitic process is probably arrested and 
nothing is to be gained by continuing 
treatment for the rest of the patient’s life. 

Dr. Wotrr: May I ask another question? 
Is there any new information regarding 
spontaneous reversal of syphilis of the 
central nervous system? 

Dr. McDermott: As far as I know there 
is none. For information concerning a 
spontaneous cure of syphilis we fall back 
on the report of Luusgaard about twenty 
years ago. Although that study fails to meet 
entirely satisfactory scientific standards, it 
is a notable contribution. It calls attention 
to the fact that many patients with syphilis 
are not seriously affected by it. 

VisiTor: Is there any information avail- 
able on the course of syphilis acquired 
simultaneously with gonorrhea? I refer to 
patients who acquire both diseases in the 
same exposure, who receive a few ‘‘shots”’ of 
penicillin, and subsequently turn up with 
positive spinal fluid or blood serologic 
reactions. 

Dr. McDermott: I have forgotten the 
exact incidence of this combination but I 
believe it is in the neighborhood of 2 per 
cent. Would you know exactly, Dr. Heimoff? 

Dr. Leonarp L. Heimorr: It is from 2 to 
4 per cent. 

Dr. McDermott: Among men in the 
Army with acute gonorrhea who received 
penicillin therapy for the gonorrhea 2 to 4 
per cent were subsequently found to have 
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infectious syphilis, presumably acquired 
from the same exposure. Those represent 
partially treated syphilitic infections in 
which the host-parasite relationship may 
have been upset by the penicillin. 

Dr. Hermorr: The only difference we 
observed in these mixed infections was a 
delay in the incubation period of syphilis. 
It took about a week longer for the chancre 
to appear; it appeared in a month rather 
than in two or three weeks. There is also the 
fact that in most of them the chancre did not 
appear at all, but a positive serology de- 
veloped in four to six months rather than 
in the more usual period of three months. 
We had to follow these cases serologically 
for four months before it was safe to dis- 
charge them from observation. 

Dr. McDermott: In other words, a man 
treated for gonorrhea was also observed for 
a period of four months as a syphilitic 
suspect, is that so? 

Dr. HeErmorr: Yes. 

Dr. McDermott: Was that only the case 
when the patient had received penicillin? 

Dr. HeErmorr: Yes. 

Dr. McDermott: Dr. Wolff, have you 
any notion as to how the pains of tabes are 
brought about? I vaguely recall a patient 
with some type of tumor, whom you showed 
us at Grand Rounds about a year ago, in 
whom you postulated vascular reflexes as an 
explanation of paroxysms of pain. 

Dr. Wo.rr: Your memory of the case is 
correct. It was my notion that the tumor, by 
irritating the sensory root, reflexly produced 
vasoconstriction in the sensory root. The 
tumor was pressing more or less continually 
but the pain was paroxysmal. 

Dr. McDermott: Do you assume a 
similar mechanism as the cause of the pain 
in tabes? 

Dr. Wo rr: That explanation has seemed 
attractive to me since the dorsal root gang- 
lion has such a limited capillary supply, 
about as little blood supply as in ordinary 
white matter. There is little margin of 
safety and any minor vascular disturbance 
might readily give rise to spontaneous dis- 
charge of a painful nature. What, in turn, 


initiates the vascular discharges, we do not 
know. It may be some minor change in the 
neighborhood, such as slight edema, which 
may have nothing to do with the syphilis 
itself. Yet the faint restriction of the blood 
supply may give rise to the painful reaction. 

Dr. McDermott: That is a very attrac- 
tive hypothesis to explain such paroxysms 
of pain in a state of a disease which is more 
or less constant for years. 

Dr. WeEssTER: I think climatologic factors 
could explain such paroxysms. 

Dr. Wo rr: I believe so, too. A cold day, 
drafts, cold drinks or hot drinks of water set 
off tic. They might act similarly in setting 
off an attack in a tabetic. 

Dr. WessTER: After a few bad days, 
tabetics come flocking in for therapy of 
some kind. 

Dr. McDermott: Have you noticed any 
increase in the incidence of herpes zoster 
in tabetics who have been treated with 
penicillin? 

Dr. WesstTeER: I have not. Perhaps Dr. 
Peabody has. 

Dr. Georce E. Peasopy: I have seen 
only one case. 

Dr. McDermott: Every now and then a 
patient with tabes develops herpes zoster, 
particularly after a bad bout of pain. Early 
in the days of penicillin therapy the fre- 
quency of these cases seemed to have in- 
creased and the question arose whether it 
might be in some way related to an effect of 
the drug. I know of no evidence for it. I 
suppose there is nothing in it. 

Dr. Wo rr: After a severe bout of pain 
trigeminal tic is also sometimes followed by 
herpes. 

Dr. GEORGE READER: I wonder if Dr. 
Webster would comment on the danger of 
malarial therapy in tabes. 

Dr. WessTER: I believe all agree that 
there are no serious complications following 
penicillin therapy while, even under the 
best circumstances, there is a mortality of 
3 to 5 per cent with malarial therapy for 
syphilis of the central nervous system. There 
is no doubt of the fact that penicillin therapy 
is easier to apply. Here we are inclined to 
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hospitalize the patients, but ambulatory 
treatment for syphilis of the central nervous 
system is feasible and is being carried out in 
other places, especially with procaine peni- 
cillin. Ambulatory treatment materially 
reduces the expense. When possible, or 
when there is reasonable possibility that 
one form of therapy is as effective as the 
other, penicillin is certainly preferable. 
Which of the two forms of treatment is the 
more effective is at present the basis of 
controversy. If penicillin does not turn out 
to be inferior, the preference for penicillin 
will be decisive. 

Dr. McDermott: How much does it 
cost for procaine penicillin in the treatment 
of a case of neurosyphilis? 

Dr. WEBsTER: It is about $70 for a course 
of therapy lasting fourteen days. In the 
ambulatory form of treatment the patient 
can go on working. 

Dr. McDermott: How long would the 
patient be out of work in treatment with 
malaria? What would be the cost there? 

Dr. WesstTeR: Each treatment with 
malaria represents an expenditure of several 
hundred dollars of someone’s money. In 
this hospital I think our average period of 
hospitalization is at least three weeks in all 
cases of malaria; many stay longer. ‘Then 
there is the period of convalescence. Federal 
and State Health authorities feel very 
strongly about the disadvantages of long 
hospitalization. This is why they are work- 
ing so hard to develop methods of ambula- 
tory treatment. 

Dr. Wotrr: Is there any danger of 
serious dysfunction in tabetics during treat- 
ment with malaria? 

Dr. McDermott: There certainly are. 
Manifestations of damage to proprioception 
are distinctly greater when the patient is 
put to bed. Even with the relatively benign 
therapeutic malaria which we use it is quite 
impossible to keep the patients up and 
about; they are too weak. 

Dr. WEBSTER: Gastric crises are pre- 
cipitated by malaria. The lightning pains 
are very severe when precipitated either by 
artificial fever or malaria. 
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Dr. Wo rr: How about the bladder? 

Dr. WessTeErR: In this hospital we have 
had several individuals in whom cord 
bladders developed during malarial ther- 
apy. The patient’s vascular system is also 
an important consideration. Many of these 
patients are hypertensive. Hypertension is 
an added risk in malarial therapy. 

Dr. McDermott: Moreover, many of 
the neurosyphilitic patients have associated 
aortic syphilis. This is often asymptomatic 
and would permit the patient ten or fifteen 
years of active life. These patients might be 
thrown into cardiac failure by the severe 
shock of malaria. Would you agree with 
that? 

Dr. WEBSTER: Yes. 

Dr. Wo rr: Would the considerations of 
danger of malarial therapy be dismissed in 
the case of the paretic because of the 
seriousness of the disease? 7 

Dr. McDermott: My own belief, and I 
think Dr. Webster shares it, is that malarial 
therapy should be used in patients with 
primary optic atrophy, and in paresis, 
regardless of its hazards. In the other types 
it is my belief that malaria, being such a 
debilitating and potentially dangerous treat- 
ment, should not be used unless penicillin 
therapy has had a fair trial first. 


SUMMARY 


Dr. Harry Gotp: In volume 2 of the 
Cornell Conferences on Therapy, the treat- 
ment of neurosyphilis was included in a 
general discussion of the treatment of 
syphilis. That conference was held in 1946. 
There were indications of a break with 
traditional agents and plans of therapy. 
Arsphenamine, neoarsphenamine, mercury 
and tryparsamide were no longer in use 
in the New York Hospital. Although there 
was evidence of enthusiasm for the early 
experimental results with penicillin in 
neurosyphilis, a conservative line was ad- 
vocated for routine treatment and _ this 
involved the use of arsenoxide for about a 
year with or without malarial fever. In the 
period of about four years which has 
elapsed, experience here has crystallized in 
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the form of a radical change in the treat- 
ment of syphilis of the nervous system. The 
metals have been abandoned. Penicillin 
has been adopted as the sole therapeutic 
agent. The duration of treatment has been 
reduced from one year to fourteen days 
during which the patient receives a single 
intramuscular dose of 300,000 units of 
procaine penicillin daily. This is applied in 
all forms of neurosyphilis, except in primary 
optic atrophy in which malarial fever 
therapy is used simultaneously. It is assumed 
from the current evidence that the 4.2 
million units of penicillin given in this way 
is usually sufficient to destroy all the 
spirochetes, and what persists in the form 
of clinical symptoms or serologic abnor- 
malities represents organic changes on 
which the antimicrobial agent can exert no 
influence. In view of the fact that uncer- 


tainties concerning this position still remain, 
the treatment is repeated if, after the first 
course, the clinical and serologic signs show 
unfavorable progression. In tabes or paresis, 
malarial fever therapy may be added. 

The conference provided an opportunity 
to explore special problems which relate 
to the treatment of neurosyphilis: when 
the patient with syphilis is free of the 
danger of developing neurosyphilis; how 
long the patient with neurosyphilis needs 
to be under observation; the clinical and 
serologic criteria of cure; the behavior of 
syphilis acquired in the same exposure as 
gonorrhea; reasons for discordant results 
from different clinics; the special aspects of 
tabes, paresis and optic atrophy; the 
Herxheimer reaction; various forms of 
artificial fever and the dangers of malarial 
fever therapy. 
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Hemochromatosis versus Addison’s Disease’ 


peri ae reports, edited by Robert J. Glaser, M.p. and David E. Smith, Jr., m.p., 

of weekly clinico-pathologic conferences held in the Barnes Hospital, are published in 
each issue of the Journal. These conferences are participated in jointly by members of the 
Departments of Internal Medicine and Pathology of the Washington University School 
of Medicine and by Junior and Senior medical students. 


HE patient, M. M. (No. 178445), 

was a white, married executive, 

fifty-four years of age, who entered 
the Barnes Hospital on November 22, 1949, 
because of diabetes, weight loss and swelling 
of the legs. 

The family history was of interest only in 
that the patient’s mother had died of “‘high 
blood pressure.’’ When he was forty-one 
years of age the patient developed epigastric 
discomfort, and cholecystograms were said 
to have confirmed a diagnosis of ‘“‘gallblad- 
der disease.’’ His symptoms gradually sub- 
sided. For many years he had taken iron 
periodically because of ‘‘anemia,” and 
during this period he had been told by a 
physician that his blood pressure was low. 

Seven years before entry the patient be- 
came impotent. Two years later he was 
found to have diabetes. About the same time 
he suffered severe sunburn; subsequently 
there had been a gradual increase in pig- 
mentation of the skin. Four years prior to 
entry the patient was told that his basal 
metabolic rate was low. 

His diabetes was controlled by diet and by 
15 to 23 units of regular insulin daily during 
the five years which elapsed between the 
discovery of diabetes and his entry into the 
hospital. Several years before admission he 
began to have mild swelling of the ankles at 
night; during the six weeks immediately 
preceding admission the swelling had in- 
creased markedly and was associated with 
shortness of breath, cough and palpitation. 
He was given digitalis which he continued 
to take up to the time of admission. In addi- 


tion, mercurial diuretics were given and 
resulted in a weight loss of 20 pounds. Dur- 
ing the seven years from the onset of his first 
symptoms his weight decreased from 175 to 
123 pounds. 

At the time of entry physical examination 
revealed the patient’s temperature to be 
37.3°c., pulse 50, respirations 18 and blood 
pressure 90/70. He appeared much older 
than his stated age and was chronically ill. 
There was brownish pigmentation of the 
skin, particularly over the neck, forehead, 
hands, feet, and in the axillary and inguinal 
regions. There were prominent freckles over 
these areas. The skin was also dry and 
wrinkled and there was absence of axillary 
hair. No pigmentation of the mucous mem- 
branes was observed. Examination of the 
eyegrounds revealed slight sclerosis of the 
arterioles without exudate or hemorrhages. 
The upper respiratory tract appeared nor- 
mal. There was no neck vein distention. 
Examination of the lungs revealed decreased 
breath sounds and decreased tactile fremitus 
at the right base. No rales were heard. The 
heart was slightly enlarged to the left. The 
rate varied between 36 and 50 with frequent 
coupling; the sounds were of good quality 
and there were no murmurs. The liver edge, 
which was felt 4 cm. below the right costal 
margin, was firm and thick but not tender. 
The prostate was normal. There was ques- 
tionable pretibial edema. The remainder of 
the physical examination was within normal 
limits. 

The laboratory findings were as follows: 
Blood count: red cells, 3,910,000; hemo-~ 


* From the Departments of Internal Medicine and Pathology, Washington University School of Medicine and the 


Barnes Hospital, St. Louis, Mo. 


SEPTEMBER, 1950 


ha 

« 

% 
‘ 
3 
pref 
383 


384 
globin, 13.4 gm.; hematocrit, 50 per cent; 
white cells, 4,600; differential count: baso- 
philes 2 per cent; stab forms, 8 per cent; 
segmented forms, 39 per cent; lymphocytes, 
47 per cent; monocytes, 4 per cent. Urinaly- 
sis: negative. Stool examination: negative. 
Blood Kahn test: negative. Blood chemistry: 
non-protein nitrogen, 28 mg. per cent; 
fasting blood sugar, 103 mg. per cent; total 
proteins, 7.6 gm. per cent; albumin, 5.0 gm. 
per cent; globulin, 2.6 gm. per cent; cepha- 
lin-cholesterol flocculation test, negative; 
thymol turbidity, 1.8 units; prothrombin 
time, 44 per cent of normal; bromsulfalein 
test, no retention in forty-five minutes; alka- 
line phosphatase, 4 Bodansky units; cho- 
lesterol, 131 mg. per cent; chlorides, 96 
mEq. /L.; combining power, 35.8 
mEq. /L.; sodium, 143.4 mEq. /L.; potas- 
sium, 5.1 mEq. /L.; serum iron, 169 micro- 
grams per cent; iron binding protein, 0. 
Basal metabolic rate: —17, —24 per cent. 
Venous pressure: 150 mm. NaCl. Circula- 
tion time (decholin): thirty-five seconds. 
Roentgenogram of the chest: The aortic and 
cardiac silhouettes were normal; a pleural 
effusion was present on the right. Flat film 
of the abdomen: negative. Skull films: nor- 
mal. Electrocardiogram: Abnormal form of 
ventricular complex; low voltage and sinus 
bradycardia. 

Shortly after the patient was admitted to 
the hospital intensive metabolic studies were 
begun. With a diet of 200 gm. of carbo- 
hydrate, 81 gm. of protein and 100 gm. of 
fat, his diabetes was well regulated on a 
mixture of 10 units of protamine and 20 
units of regular insulin. A Robinson-Power- 
Kepler water test was positive. The patient 
was then subjected to a Cutler-Wilder test 
during which he grew progressively weaker 
but no change in blood sodium, potassium, 
chloride or CO, combining power occurred, 
and the test was considered negative. Dur- 
ing this period of the test, however, he had 
several severe insulin reactions necessitating 
reduction in the total amount of insulin ad- 
ministered. A Thorn test with epinephrine 
revealed no fall in eosinophils but there was 
a 54 per cent reduction in eosinophils after 
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ACTH. Twenty-four hour excretion studies 
of various steroid hormones revealed low to 
low normal values for cortin, 17-ketosteroids, 
follicular stimulating hormone, estrogens 
and androgens. 

Because of the presence of diabetes in a 
patient with increased skin pigmentation the 
diagnosis of hemochromatosis was con- 
sidered and a skin biopsy was performed. 
Histologic section revealed iron pigment 
identified as hemosiderin. Hemosiderin 
granules were also found in cells and in 
casts in the urinary sediment. A needle 
biopsy section of the liver showed fibrous 
tissue, an increase in the number of bile 
ducts and large amounts of hemosiderin. 

Beginning at the end of the second hospital 
week the patient was given a regimen which 
included 5 mg. of DOCA and 10 gm. of ex- 
tra dietary salt daily. During the nine days 
he received this therapy he gained 10 pounds 
in weight; his blood pressure, however, did 
not rise significantly and he developed no 
obvious edema. DOCA was then omitted, 
the salt intake was reduced and the patient 
was given testosterone and a dietary regimen 
aimed at treatment of his liver disease. He 
continued to gain weight; in additicn, dysp- 
nea, neck vein distention, basal rales, 
increase in the right pleural effusion, marked 
hepatomegaly and increasing ankle edema 
were noted. Mercurial diuretics and larger 
amounts of digitalis were given, but the 
patient’s response was poor and he became 
nauseated. 

At the end of the third hospital week he 
developed Cheyne-Stokes respirations and 
his urinary output became markedly re- 
duced. The signs of heart failure were not 
improved by further use of mercurial 
diuretics. Periods of coupling were noted 
during which the apical rate was 88 and the 
radial pulse rate 44. Digitalis was tempo- 
rarily discontinued but two days later the 
patient developed rapid auricular fibrilla- 
tion and was given frequent small doses of 
lanatoside C intravenously. The cardiac 
rhythm reverted to a sinus mechanism but 
soon after coupling reappeared along with 
multifocal ventricular premature contrac- 
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tions. The latter were controlled with small 
doses of quinidine. 

A thoracentesis was performed and 1,100 
cc. of orange-brown fluid were removed 
from the right pleural cavity; the fluid had 
the characteristics of a transudate. Repeat 
blood chemical studies revealed the follow- 
ing data: Non-protein nitrogen, 21 mg. per 
cent; sodium, 136.6 mEq./L.; potassium, 
4.6 mEq. /L.; chloride, 89 mEq./L.; CO: 
combining power, 33 mEq./L.; total pro- 
teins, 6.5 gm. per cent; albumin, 4.4 gm. 
per cent; globulin, 2.1 gm. per cent; hema- 
tocrit, 36 per cent. 

Testosterone therapy was stopped and 
eventually the patient exhibited a moder- 
ately satisfactory diuresis; concomitantly his 
appetite increased. Five days before death, 
however, nausea, which had been inter- 
mittent, increased, as did edema; the signs 
of marked ascites were noted and the pa- 
tient’s urinary output again fell. Eventually 
he became anuric and irrational. The fol- 
lowing laboratory data were then recorded: 
non-protein nitrogen, 100 mg. per cent; 
sugar, 611 mg. per cent; chloride, 83 mEq. / 
L.; COz combining power, 25.6 mEq. /L.; 
cephalin-cholesterol flocculation test, 3+; 
thymol turbidity test, 3.5 units; icterus in- 
dex, 21 units; alkaline phosphatase, 8 
Bodansky units; total proteins, 6.1 gm. per 
cent; total bilirubin, 1.32 mg. per cent; 
prothrombin time, 18 per cent of normal. 

Intractable cardiac failure persisted and 
the patient died quietly on December 25, 
1949. 


CLINICAL DISCUSSION 


Dr. W. Barry Woon, Jr.: This case is a 
most complicated one. In our discussion I 
believe we may best approach the problems 
presented by first considering the two diag- 
nostic possibilities considered most seriously 
in the hospital—primary adrenal insuffi- 
ciency and hemochromatosis. We shall at- 
tempt to explain as many of the symptoms, 
signs and laboratory findings as possible on 
one or the other of these two possibilities, 
and then see which seems the more likely of 
the two. 
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This patient was carefully studied under 
Dr. Olmsted’s direction and we, therefore, 
have much valuable material on which to 
base our conclusions. It should be possible 
for us to reach a correct diagnosis, localize 
the lesions and predict what the pathologist 


TABLE I 
HISTORY 
Symptom Addison’s 
matosis 

........... + 
Hypometabolism........ + 
+ 
Hyperpigmentation...... + + 
Dyspnea and edema...... 0 + 


+ = compatible 0 = incompatible | 


will find. Let us begin by considering first 
the possibility which I believe was enter- 
tained when the patient was admitted to the 
hospital, namely, that he had some form of 
Addison’s disease. Dr. MacBryde, how many 
of the various findings in regard to the 
history (Table 1) are compatible with the 
diagnosis of Addison’s disease? 

Dr. M. MacBrypve: Certainly 
hypotension, hypometabolism, impotence, 
pigmentation and weight loss are consistent 
with the diagnosis of Addison’s disease. 
Diabetes may occur coincidentally in a 
patient with Addison’s disease; when it does 
develop certain changes in the basic clinical 
picture of Addison’s disease often occur. 
Dyspnea and edema cannot be explained on 
the basis of untreated Addison’s disease. 

Dr. Woop: In regard to the physical ex- 
amination (Table 11) how many of the find- 
ings are compatible with Addison’s disease? 

Dr. MacBrypve: Again hypotension, hy- 
perpigmentation and sparsity of hair are 
common in Addison’s disease. Cardiac 
enlargement, bradycardia, pleural effusion 
and hepatomegaly cannot be considered 
typical of untreated Addison’s disease. 

Dr. Woop: Can the pigmentation of 
hemochromatosis be differentiated from 
that of Addison’s disease on inspection? 
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Dr. MacBryve: Differentiation is often 
very difficult although there are certain dif- 
ferences which may be helpful. In hemo- 
chromatosis the pigmentation is frequently 
diffuse and may have a bluish tinge whereas 
in Addison’s disease the pigmentation 
is beige or brown. Mucous membrane 


TABLE II 
PHYSICAL FINDINGS 
| Hemochro- 
Sign Addison’s 
+ 
Hyperpigmentation........ + + 
Sparsity of hair............ + + 
Cardiac enlargement....... 0 + 
0 0 
Pleural effusion........... 0 
Hepatomegaly............ 0 + 


+ = compatible 0 = incompatible 


pigmentation suggests adrenal cortical 
insufficiency. 

Dr. Woop: You have indicated that 
cardiac enlargement is not consistent with 
Addison’s disease. 

Dr. MacBrypve: Characteristically, the 
heart is small in adrenal insufficiency unless 
the patient is overtreated with DOCA. 

Dr. Woon: I believe that Dr. Olmsted 
pointed out, shortly after this patient was 
admitted to the hospital, that hepatomegaly 
was not consistent with the diagnosis of 
adrenal insufficiency, and I take it, Dr. 
MacBryde, from what you have said that 
you agree. 

Dr. MacBrype: Yes. 

Dr. Woop: The laboratory studies (Table 
11) were rather extensive, and should be 
quite helpful. Dr. Hunter, would you com- 
ment on the results. Is anemia common in 
adrenal insufficiency? 

Dr. Tuomas H. Hunter: Mild anemia is 
compatible with that diagnosis. 

Dr. Woop: What about lymphocytosis? 

Dr. Hunter: Increase in lymphocytes is 
rather typical. 

Dr. Woon: The blood sugar was 103 mg. 
per cent fasting, when the patient entered 


the hospital, and later was recorded as high 
as 630 mg. per cent. 

Dr. Hunter: In Addison’s disease, per se 
a low normal blood sugar or hypoglycemia 
is the rule. The elevated blood sugar 
certainly is due here to the concomitant 
occurrence of diabetes. 


TABLE Il 
GENERAL LABORATORY DATA 
Test i 
matosis 
Lymphocytosis............ 
Elevated blood sugar....... +- 
CO, combining power 35.8— 
? ? 
Chloride 96-83 mEgq./L.... ? 
Sodium 143-136 mEq./L... + ? 
Cholesterol 135 mg. per cent. ? + 
Serum bilirubin 1.3 mg. per 
Prothrombin time low. .... . 0 
Cephalin flocculation test 0— | 
BMR —17, —24 per cent. ..| | + 


+ = compatible; 0 = incompatible; ? = not known. 


Dr. Woop: What about an elevated non- 
protein nitrogen along with an increase in 
carbon dioxide combining power and a 
normal serum chloride. 

Dr. Hunter: Slight elevation in the non- 
protein nitrogen may be seen in patients 
with adrenal insufficiency, particularly those 
in crisis. The elevated carbon dioxide com- 
bining power in the presence of a normal 
chloride seems unusual to me and I cannot 
explain it. The subsequent fall in chloride 
would be compatible with adrenal insuffi- 
ciency. When the chlorides are low the 
carbon dioxide combining power may rise 
aS a compensatory measure, but it was 
highest here when the chlorides were nearest 
normal. 

Dr. Woop: I agree that the finding of a 
high CO, combining power in this man at 
the time that his serum chloride was nor- 
mal is a very puzzling one. Dr. MacBryde, 
do you have an explanation for it? 

Dr. MacBrypbe: No. I do not. 
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Dr. Hunter: To go on, a decrease in 
sodium is characteristic of Addison’s disease. 
I am not aware that a low cholesterol has 
any significance. 

Dr. Woop: Dr. MacBryde, is there any 
information in the literature on that point? 


TABLE IV 
SPECIAL LABORATORY DATA 


Hemochro- 


Addison’s 


Thorn test 
Epinephrine = 18%..... 
ACTH = 54%.......... 
Positive Kepler-Power test . . . 
Negative Cutler-Wilder test . . 
Urinary steroids 
Cortina mormal........... 
Androgens low .......... 
Estrogens low ........... 
No iron-binding protein... . 
Elevated serum iron........ 
Hemosiderin in skin........ 
Hemosiderin in liver....... 
Hemosiderin in casts........ 


+ 
+H + 


+ = compatible 
0 = incompatible 


+ = equivocal 
? = not known 

Dr. MacBrypve: I am not aware of any, 
but when the cholesterol is extremely low 
in Addison’s disease one should suspect 
some other factor. 

Dr. HunTEr: The low BMR is certainly 
consistent with the diagnosis of Addison’s 
disease, but I do not believe that elevation 
of the serum bilirubin, decrease in the 
prothrombin time, and the abnormal cepha- 
lin-cholesterol flocculation test are helpful. 

Dr. Woop: Certain special tests were un- 
dertaken in this patient (Table tv). Dr. 
Glaser, would you comment on the Thorn 
test? It was done with both epinephrine and 
ACTH. 

Dr. Ropert J. GLaser: If one gives a 
normal patient epinephrine, the pituitary 
is stimulated and in turn its secretion stimu- 
lates the adrenal cortex, activity of which is 
manifested by a fall in circulating eosino- 
philes. If, on the other hand, ACTH is given 
the adrenals are stimulated directly. In 
Addison’s disease the test should be negative 
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both with epinephrine and ACTH. In this 
patient there was no effect from epinephrine, 
suggesting that the pituitary did not respond 
to the stimulation of epinephrine. The 54 
per cent fall with ACTH represents a mini- 
mal response, I believe. 

Dr. MacBrype: It is well to point out 
that this patient received a rather large 
amount of ACTH. The response of the 
adrenal cortex probably varies with the 
degree of stimulation. Thus, enough ACTH 
may be given to certain patients with 
proven adrenocortical insufficiency to lead 
to some response. 

Dr. Woop: How do you interpret the 
results of these procedures, Dr. MacBryde? 

Dr. MacBrype: I agree with Dr. Glaser 
that the pituitary exhibited no response to 
epinephrine. The response to ACTH does 
not rule out adrenocortical insufficiency. 

Dr. Woop: The tests, however, suggest 
that the pituitary has relatively poorer 
function than the adrenal. Do you agree? 

Dr. MacBrype: I believe so. 

Dr. Woop: In that case one might make 
a diagnosis of adrenal insufficiency second- 
ary to hypopituitarism. I believe it is said 
that patients whose adrenal insufficiency is 
secondary to pituitary disease do not ex- 
hibit abnormal pigmentation. Do you sub- 
scribe to that concept, Dr. MacBryde? 

Dr. MacBrype: No. I do not. I believe 
that they may or may not have abnormal 
pigmentation. I have seen at least two pa- 
tients with Simmonds’ disease who also 
exhibited the typical pigmentation of Addi- 
son’s disease. 

Dr. Woop: It is interesting that Dr. 
Thorn states that hyperpigmentation rarely 
results from involvement of the pituitary 
alone and that its presence in a patient with 
signs of hypopituitarism suggests involve- 
ment of the adrenal as well as the hypophy- 
sis. * It is probably fair to say that pigmenta- 
tion is more common if the disturbance is 
primarily in the adrenal rather than in the 
pituitary. 

* Toorn, G. W. The Diagnosis and Treatment of 


Adrenal Insufficiency, p. 20. Springfield, 1949. Charles 
C Thomas. 
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In regard to the diagnosis of adrenal 
insufficiency it is of interest to note that the 
Kepler-Power water test was positive but 
that the Cutler-Wilder test was negative. 
Would you comment on those findings, 
Dr. MacBryde. 

Dr. MacBrypbe: I would have predicted 
a priori that the patient would have had a 
positive Cutler-Wilder test. In this patient 
there were many complicating factors and 
the test had to be interpreted as being 
negative. 

Dr. Cart L. Cook: Other than the epi- 
sode of hypoglycemia the patient got along 
very well during the performance of the 
Cutler-Wilder test. 

Dr. Woop: Certainly a negative Cutler- 
Wilder test is strongly against the diagnosis 
of Addison’s disease. The various urinary 
steroid determinations should be helpful in 
arriving at the correct diagnosis. Dr. 
MacBryde, would you comment on those 
results. 

Dr. MacBryve: The normal cortin ex- 
cretion is against the diagnosis of Addison’s 
disease, but the results of the other four 
determinations are compatible with it. 

Dr. Woop: In passing it should be noted 
that the patient’s apparent sensitivity to 
insulin would be in keeping either with the 
diagnosis of adrenal insufficiency or of 
pituitary insufficiency. On the basis of the 
various data available to us there is already 
much to suggest that the patient’s adrenal 
insufficiency was secondary to a disturb- 
ance of the pituitary; it is, of course, possible 
that both the pituitary and adrenal will 
show signs of involvement. Let us now con- 
sider hemochromatosis, the diagnosis in the 
second column in our four tables. I should 
like to ask Dr. Carl Moore if he will begin 
this aspect of the discussion. 

Dr. Cart V. Moore: In regard to the 
history all the items listed in Table 1 are 
consistent with the diagnosis of hemo- 
chromatosis, although all of them are not 
especially characteristic. Certainly diabetes, 
impotence and pigmentation are typical and 
dyspnea and edema may be related to the 
cardiac failure which often occurs in hemo- 


chromatosis. As for the physical findings, all 
of those listed with the exception of brady- 
cardia are consistent with hemochromato- 
sis. Hepatic enlargement is particularly 
common. 

Of the various general laboratory data 
some of the results are compatible with 
hemochromatosis, while others are ex- 
plicable on the basis of the complicating 
cardiac failure. Slight anemia may be seen. 
An elevated blood sugar is, of course, com- 
mon and the non-protein nitrogen may be 
elevated. I am unaware that the values for 
CO, combining power, chloride and sodium 
suggest hemochromatosis; on the other 
hand, I do not believe the results are against 
the diagnosis. A low basal metabolic rate is 
not characteristic of hemochromatosis, but 
it is not incompatible with it. As far as the 
special procedures are concerned, the result 
of the Thorn test is quite in keeping with 
hemochromatosis which has involved the 
pituitary. Perhaps Dr. MacBryde will com- 
ment on the results of the metabolic studies. 

Dr. MacBrype: As I indicated when we 
were considering adrenal insufficiency, it is 
difficult to interpret the positive Kepler- 
Power test and the negative Cutler-Wilder 
test. As far as I know cortin values have not 
been determined previously in patients with 
hemochromatosis. The decreased excretion 
of the other four types of steroids is entirely 
compatible. 

Dr. Moore: The absence of iron-binding 
protein and the high serum iron value are 
typical of hemochromatosis. Likewise the 
demonstration of hemosiderin in the skin 
and in the liver, and the presence of hemo- 
siderin casts in the urine, are all strongly in 
favor of the diagnosis. 

Dr. Woop: Would you comment further 
on the iron-binding protein and the serum 
iron levels? 

Dr. Moore: Apparently iron is carried 
in the plasma in combination with a beta-1 
globulin which has been obtained in 
crystalline form in Dr. Cohn’s laboratory at 
Harvard. Normally the serum iron varies 
from about 60 to 180 micrograms per 100 cc. 
In addition there is enough iron-binding 
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protein available so that it can combine with 
another 100 or 150 micrograms of iron if 
that much is present. It is quite character- 
istic in hemochromatosis and in hemosidero- 
sis that all of the iron-binding protein is 
saturated with iron. Thus although in this 
patient the serum iron value was not as high 
as some which have been recorded in hemo- 
chromatosis, there was no capacity for 
further binding of iron. It is of great interest 
that this observation is typical not only of 
patients with hemochromatosis but also may 
be demonstrated in relatives of such patients 
even though such relatives do not have 
clinical hemochromatosis. 

Dr. Woop: It seems clear then that this 
patient probably had secondary adrenal 
insufficiency due to hemochromatosis which 
involved the pituitary gland. Dr. Olmsted, 
would you predict what findings the 
pathologist will report? 

Dr. WILLIAM OLMSTED: Certainly this 
man will have large amounts of iron in his 
liver and in other organs of his body. There 
are cases recorded in the literature in which 
the pituitary has been completely destroyed 
in hemochromatosis. In view of his impo- 
tence it would not be surprising if the testes 
were also involved by the process. The 
patient died of heart failure and it may well 
be that the myocardium will show large 
amounts of iron. In that respect the use of 
DOCA was contraindicated in this patient. 

Dr. Woop: On the other hand, you were 
in a very difficult position because of the 
signs of adrenal insufficiency which this 
patient exhibited. 

Dr. OxmsteD: I am sure large amounts of 
iron will be found in the pancreas; and in 
the liver, in addition to the presence of iron, 
cirrhosis may also be found. | 

Dr. Woop: Mr. Elmer Brown of the 
senior class has been working on the problem 
of iron metabolism in Dr. Carl Moore’s 
laboratory, and I am going to ask him to 
comment on his concept of this disease. 

Mr. ELMER B. Brown, Jr.: It seems likely 
that the basic defect in hemochromatosis is 
the increased absorption of iron from the 
gastrointestinal tract, although increased 
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absorption alone could probably not ac- 
count for all of the manifestations of the 
disease. After reviewing many theories as to 
the pathogenesis of hemochromatosis, Shel- 
don came to the conclusion that the disease 
is an inborn error of metabolism; that ex- 
planation seems most tenable to me for it 
best explains the predominance of the 
disease in males, the fairly well documented 
familial cases, the greatly increased iron 
stores with diabetes, cirrhosis and skin pig- 
mentation, the other pigment abnormalities 
and the metabolic changes which have been 
reported. 

Sheldon postulated that the excess iron 
accumulates because of increased iron ab- 
sorption from the intestine over a long period 
of time; he calculated that the time neces- 
sary for this to occur is approximately 
twenty-eight years in the average case of 
hemochromatosis. It seems obvious that the 
ultimate source for this iron could only be 
from increased absorption though many 
early investigators postulated that the iron 
came from a breakdown of the red blood 
cells or a redistribution or lack of neutraliza- 
tion of body iron. This theory could not 
account for the massive increase in body 
iron stores. Many balance studies have been 
performed to see whether patients with 
hemochromatosis absorbed more iron than 
normal people; the results of these studies — 
are equivocal, probably because of the 
difficulties inherent in the measurement of 
iron intake and excretion. However, Dr. 
Moore and his associates used radioactive 
iron to measure the absorption of iron in one 
patient with hemochromatosis and _ they 
found greater than normal iron absorption 
with most of the iron going to the tissue 
stores. This technic has not yet been used 
extensively, hence, this evidence, though 
suggestive, is not conclusive. 

It is a widely held clinical impression that 
the excessive iron storage in the liver, pan- 
creas and other organs in hemochromatosis 
leads to the development of fibrosis and 
cirrhosis of these organs. There is abundant 
experimental work, however, which fails to 
demonstrate any fibrosis as the result of pro- 
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longed iron deposition in animals. Further, 
the fact that patients receiving large amounts 
of iron over long periods by transfusions fre- 
quently develop fibrosis and cirrhosis does 
not mean that the iron in the tissues is re- 
sponsible for the pathologic changes. In 
such cases one has the added variables of the 
anemia which necessitated the transfusions, 
frequent febrile transfusion reactions with 
damage especially to the liver, and the 
ever present danger of homologous serum 
hepatitis from the multiple transfusions. I 
do not know what the cause for the cirrhosis 
and diabetes is in hemochromatosis, but I 
am inclined to believe that it is just another 
aspect of the inborn error of metabolism—a 
tendency to increased fibrous tissue pro- 
liferation, possibly accentuated by the in- 
creased iron deposits. There is, however, no 
evidence for such a postulation. 

Dr. Woop: There is involvement of 
several other pigments in hemochromatosis, 
is there not? 

Mr. Brown: Yes. While the most com- 
mon pigment seen in the tissues, especially 
in the liver, is hemosiderin, the iron-con- 
taining pigment staining blue with the ferro- 
cyanide reaction, there is also a non-iron- 
containing pigment, hemofuscin, which stains 
red with basic fuchsin. As far as I know, 
there is not much known about this pigment 


- except that it is a lipoid substance which is 


found quite constantly in hemochromatosis, 
chiefly in the liver, spleen and pancreas and 
especially in the walls of the small blood 
vessels. Many investigators believe hemo- 
fuscin is the same as or similar to the brown 
pigment of atrophy found in normal old 
people. There has also been shown to be an 
increased amount of copper, sulfur and 
calcium in the tissues of patients with 
hemochromatosis. 

Dr. Woop: Melanin is increased in the 
skin, is it not? 

Mr. Brown: This finding is apparently 
variable; often there is a considerable in- 
crease, enough to obscure the blue color 
produced by injected potassium ferrocyanide 
in the deeper dermal layers—one of the skin 
tests for hemochromatosis. In other cases 


there may be no more than normal amounts 
of melanin in the skin. The variation has 
been attributed to the variable involvement 
of the adrenals by iron deposit there. 

Dr. Woop: Then this disease can hardly 
be explained simply by increased iron 
absorption? 

Mr. Brown: I believe not. 

Dr. Woon: Is there any part of the world 
in which this disease is common? 

Mr. Brown: I am not sure that the 
disease described by the Gilmans in South 
African natives with chronic pellagra is 
true hemochromatosis; in fact, I do not 
believe it is for it differs from typical hemo- 
chromatosis in a number of ways: the 
disease comes on at a much earlier age (less 
than forty years usually); it has an equal sex 
distribution; it is definitely related to diet; 
there is no reported associated diabetes and 
it is extremely frequent. But the Gilmans 
have reported a very widespread incidence 
of iron pigmentation and cirrhosis in these 
natives who eat a corn grit diet. 

Dr. Woop: What is thought to be the 
explanation for the iron deposition in these 
people? 

Mr. Brown: Stimulated by the reports 
of these South African investigators, Rath 
and Finch have fed rats a corn grit diet 
similar to that of the pellagnous natives 
and have observed a moderate increase in 
iron deposition in the liver and other organs 
of these animals. Further experiments have 
shown that when iron is added to the corn 
grit diet there is greatly increased absorption 
of iron, and large amounts are deposited in 
the liver. It seems that the low phosphorus 
content of this corn grit diet is the factor 
which allows increased iron absorption 
since one can prevent the increased iron 
absorption by adding phosphates to this 
diet. Apparently then, in the natives eating 
a corn grit diet with a low phosphorus con- 
tent, increased amounts of iron are ab- 
sorbed, the source of which has not been 
found yet though it may be in the food, 
drinking water or from iron utensils used in 
cooking. There is no suggestion, however, 
that such a mechanism can explain the 
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hemochromatosis seen in today’s patient 
and we must fall back on the rather vague 
postulate of an inborn error of metabolism. 

Dr. Woop: Thank you, Mr. Brown. I 
think there is good agreement with Dr. 
Olmsted’s original clinical diagnosis, namely, 
that this patient had hemochromatosis with 
cardiac involvement and with polyglandu- 
lar deficiency due primarily to destruction 
of the hypophysis. 

Clinical Diagnoses: Hemochromatosis with 
pituitary involvement and cardiac insuffi- 
ciency. 


PATHOLOGIC DISCUSSION 


Dr. WitiiaM T. SNoppy: The skin was 
light brown over most of the body surface, 
and brown in the inguinal and axillary 
regions. No axillary hair was present. All 
the serous cavities contained cloudy yellow 
fluid—the peritoneal cavity 1,850 ml., the 
right pleural cavity 1,350 ml., and the left 
pleural cavity 1,000 ml. The heart was 
slightly increased in size. Its chambers were 
dilated, and the myocardium was flabby 
and distinctly browner than usual. The 
lungs were remarkable only for partial 
atelectasis, particularly of the lower lobes, 
and slight evidence of congestion and edema. 
The liver was enlarged to 2,430 gm. and was 
very firm, rusty red and slightly nodular. On 
section the lobular architecture was pre- 
served and accentuated by connective 
tissue. The pancreas was firm and dark 
rusty red but its configuration and archi- 
tecture were not abnormal. The spleen was 
slightly enlarged, dark red and firm; its cut 
surfaces did not bulge above the capsule. 
The testicular stroma was firm and de- 
creased in amount, and the seminiferous 
tubules did not string from the cut surfaces. 
All other organs were considered to be of 
essentially normal gross appearance. 

Dr. Gustave J. DAmmin: Without repro- 
duction in color to show the intense blue of 
the sections stained for iron, the illustrations 
do not adequately convey the striking extent 
of deposition of iron pigment in the various 
tissues. Figure 1 is of a section of the liver. 
The coarse granularity of the hepatic cells 
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is due to the presence of large amounts of 
hemosiderin in their cytoplasm. There is 
also an increase of fibrous tissue in the portal 
triads and atrophy of the hepatic cells in the 
central portions of the lobules, but the 
outlines of the lobular architecture are pre- 
served. Central veins are present in their 
usual sites, and none of the large nodules of 
regenerated hepatic parenchyma typical of 
the usual portal cirrhosis is seen. In other 
fields a slightly increased number of bile 
ducts, granules of iron in the epithelium of 
the bile ducts and deposits of hemofuscin 
about blood vessels were demonstrable. A 
similar process involves the pancreas (Fig. 2) 
in which there is a diffuse increase of inter- 
stitial fibrous tissue and an absolute reduc- 
tion in the amount of glandular epithelium 
despite the apparent normal size of the 
organ grossly. Large amounts of iron are 
present in the epithelium of the acini and 
lesser amounts in that of the pancreatic 
ducts and islets and in the interstitial con- 
nective tissue. Islets of Langerhans are 
easily identified and their architecture is 
changed only by the presence of columnar 
metaplasia of the cells and hyperplasia in 
some islets. 

The myocardium manifested several 
changes. There was a diffuse increase of 
interstitial connective tissue throughout the 
sections with large amounts of fat present in 
the interstitial tissue and within vacuoles in 
the myocardial fibers. The latter change and 
the presence of paranuclear granules of 
hemosiderin and hemofuscin are illustrated 
in the highly magnified section in Figure 3. 
Where the granules of iron are particularly 
numerous, the intracellular fibrils are dis- 
placed or destroyed by their presence. I[t is 
not generally agreed whether or not the ‘ron 
itself is responsible for the changes ir ‘he 
myocardium in hemochromatosis, bu’ 
gardless of the mechanism of injury =e 
cardiac musculature in this case sh 1 
signs of diffuse and severe damage. 

We were particularly interested in evalu- 
ating the degree of involvement o: the 
adrenal glands. Grossly, they were of normal 
appearance but without special procedures 
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Fic. 1. A section of liver in which there is an increase of fibrous tissue in the portal triads without 


destruction or regeneration of the lobules. The granularity of the hepatic cells is due to the presence of 
hemosiderin, and the central atrophy in the lower right corner is secondary to congestive failure. 
Fic. 2. Interstitial fibrosis and atrophy in the pancreas. The large amount of hemosiderin in the 
epithelium is not adequately represented without color. 

Fic. 3. Paranuclear hemosiderin and hemofuscin in the myocardium. There is also a fine vacuolation 
of portions of some fibers due to the presence of fat. 

Fic. 4. The adrenal with a small amount of hemosiderin in the outermost cells of the cortex. 

Fic. 5. Edge of the pituitary with a narrow zone of preserved epithelial cells and extensive fibrosis 
beginning at the right of the section. The fibrous tissue replaced more than two-thirds of the gland. 
Fic. 6. Interstitial fibrosis and atrophy of the seminiferous tubules in the testis. Practically no iron is 


present in sections of this organ. 


it would be impossible to make a very sig- 
nificant estimate of the functional activity of 
that organ. In a general manner, however, 
the content of fat is a fairly reliable index of 
the functional integrity of the adrenal; and 
stains for fat on sections of these organs 
demonstrated large amounts of sudanophilic 
material. The only difference from normal 


is a decrease of fat in the outer layer of the 
cortex where there are also the only deposits 
of hemosiderin in this gland. (Fig. 4.) 
Similarly, the other major viscera were but 
little altered histologically. The spleen had 
a slightly thickened capsule, and trabeculae 
and sinusoidal walls that suggested a very 
slight degree of portal hypertension, proba- 
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bly secondary to cirrhosis and cardiac 
failure. Hemosiderin was present in that 
organ in practically insignificant amounts. 
In the kidney there were a few granules of 
hemosiderin in some distal convoluted 
tubules and congestion commensurate with 
the other evidences of terminal cardiac de- 
compensation. Sections of the bone marrow 
were interesting for they contained large 
amounts of iron without an increase in the 
amount of fibrous tissue or disturbance in 
the cellularity. This is a particularly signifi- 
cant feature of hemochromatosis which, 
with additional evidence derived from the 
experimental administration of iron to 
animals, suggests that the presence alone of 
excess iron in the tissues is not responsible 
for the interstitial fibrosis characteristically 
present in the liver, pancreas and heart. 

Portions of many organs were analyzed 
in Dr. Carl Moore’s laboratory for their 
content of iron. The calculated total content 
of the liver was 23.6 gm., of the spleen 
1.2 gm., the kidneys 0.2 gm., the pancreas 
1.36 gm and the heart 2.0 gm. In these five 
organs alone there were 28.36 gm. of iron. 
The normal amount for the whole body is 
between 1 and 3 gm.; thus at least nine or 
ten times the usual amount of iron was 
demonstrated without consideration of the 
iron in the skin, lymph nodes, muscle or 
other tissues, all of which probably con- 
tained significant amounts. 

The pituitary exhibited changes which 
were probably responsible for many of the 
clinical evidences of disturbed endocrine 
functions. More than two-thirds of all sec- 
tions of this gland were composed of fibrous 
tissue and the epithelial cells of the anterior 
lobe were reduced to small groups. Figure 5 
represents a typical area near the capsule. 
Large amounts of iron are present in the 
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fibrous tissue as well as in the epithelial cells. 
Among the latter the eosinophilic and 
basophilic cells were present in about their 
normal numerical ratios, but there ap- 
peared to be a reduction in the number of 
chromophobic cells. As reported by some, 
the iron appeared to be concentrated in the 
basophilic cells. 

A section of the testis (Fig. 6) shows what 
is probably an effect secondary to the 
changes in the pituitary. There is profound 
atrophy of the seminiferous tubules and in- 
creased interstitial fibrous tissue without 
significant deposition of iron at any site in 
the organ. 

In summary, the gross and microscopic 
changes were typical of hemochromatosis 
with interstitial fibrosis in the liver, pan- 
creas, heart and pituitary gland. Involve- 
ment of the latter was probably responsible 
for the long-standing evidences of pituitary 
deficiency described clinically. The involve- 
ment of the myocardium, regardless of the 
exact mechanism by which it occurred, led 
to cardiac decompensation and the changes 
of congestion and accumulation of fluid 
indicative of the myocardial failure which 
were directly responsible for the patient’s 
death. 

Final Anatomic Diagnoses: Hemochromato- 
sis of the liver, pancreas, pituitary, skin, 
myocardium bone marrow, adrenals, in- 
testinal mucosa, kidneys and spleen; cir- 
rhosis of the liver, moderate; interstitial 
fibrosis of the pancreas; atrophy and fibrosis 
of the pituitary; interstitial fibrosis, fatty 
degeneration and focal atrophy of the myo- 
cardium; congestion of the lungs, liver, 
spleen and kidneys. 


Acknowledgment: Illustrations were made by 
the Department of Illustration, Washington 
University School of Medicine. 
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ABSTRACTS OF PAPERS PRESENTED AT THE FOURTH ANNUAL MEETING, NEW ORLEANS, 
LoutsiANA, Marcu 18, 1950 


QUANTITATIVE DETERMINATION OF GLOBIN, 
HEMOGLOBIN AND SERUM PROTEINS IN 
ANEMIC AND NON-ANEMIC PaTiENTs. Wal- 
ter Lyon Bloom, M.D., 7. G. Palmer, M.D. 
and George T. Lewis, M.D. (introduced by 
Arthur J. Merrill, M.D.). Atlanta, Ga. 
(From the Departments of Medicine and 
Biochemistry, Emory University and 
Medical Division, Lawson Veterans Ad- 
ministration Hospital.) 

Methods for study of erythrocyte pigment and 
iron are well established. Previously no simple 
quantitative method for the determination of 
erythrocyte proteins has been available even 
though globin constitutes 96 per cent of hemo- 
globin. A quantitative method for the determi- 
nation of erythrocyte proteins is presented in 
this paper. Micro-Kjeldahl analysis was used 
for all nitrogen determinations. The total ery- 
throcyte nitrogen, globin nitrogen and non- 
protein nitrogen were studies on centrifuged 
washed cells from 4 cc. of blood. Hemoglobin 
was estimated by manometric and spectrophoto- 
metric methods on nineteen patients. 

The globin concentration per 100 cc. of blood 
is found to agree with the amount of hemoglobin 
determined by the manometric and _ spectro- 
photometric methods. Nine of the nineteen 
patients had hemoglobin concentrations below 
14 gm. per cent. Only one of these nine patients 
was found to have a diminished erythrocyte 
protein. This change was found to agree with 
hypochromia in this patient. Simultaneous 
serum protein determinations on all patients 
emphasized that in the absence of anemia there 
is approximately five times more cell protein 
than serum protein in 100 cc. of whole blood. 
This method provides a means of determining 
hemoglobin as well as studying certain aspects 
of cell protein metabolism and the relation of 
erythrocyte protein to anemia. 
BROMSULPHTHALEIN AS A TOOL FOR THE 

Stupy oF Liver Puystotocy. R. W. 

Brauer, M.D., J. S. Krebs, M.D. (by invi- 
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tation) and R. L. Pessotti, M.D. (by invita- 

tation). New Orleans, La. (From the De- 

partments of Pharmacology and Radio- 
biology, Louisiana State University School 
of Medicine.) 

Bromsulphthalein (BSP) uptake from the blood 
stream in dogs was studied by means of the con- 
tinuous infusion technic. Steady levels of blood 
and bile BSP can be attained by this means. Dye 
extraction at infusion rates below 0.2 mg./kg./ 
min. occurs at rates near 12 per cent of circulat- 
ing dye per minute. With further increase of 
infusion rate a rapid decrease of extraction 
efficiency is observed. Bile collection during such 
infusion has shown: (1) Colorimetrically de- 
termined BSP concentrations of 1,000 mg. per 
cent represent the limit attainable in the dog. 
(2) Colorimetric BSP excretion occurs at rates 
from 30 to 70 per cent of infusion rates. Analysis 
of livers in such experiments shows that a con- 
siderable amount of BSP remains unaccounted 
for while some BSP accumulation occurs in the 
liver. Using S*° tagged BSP under similar con- 
ditions, nearly quantitative recovery of S** in- 
fused can be made from liver, blood and bile. 
Chromatographic analysis of bile BSP shows 
that S*® can be recovered in four fractions, dif- 
ferent from BSP, none of them colorless. The 
significance of these findings in connection with 
the basic mechanisms of BSP excretion and the 
question of extrahepatic BSP uptake will be 
considered. 

ADRENOCORTICAL FUNCTION IN ESSENTIAL 
HYPERTENSION: A STUDY OF SWEAT So- 
DIUM CONCENTRATION. Rod M. Bute, Jr., 
M.D., Seymour Eisenberg, M.D. and Louis 
Tobian, Fr., M.D. (introduced by Tinsley R. 
Harrison, M.D.). Dallas, Tex. (From the 
Department of Medicine, Southwestern 
Medical College.) 

Arterial hypertension often results from pro- 
longed adrenocortical hypersecretion, a possible 
factor in patients with ‘‘essential” hypertension. 
Since hypersecretion of “electrolyte influencing”’ 
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adrenocortical steroids causes a prolonged de- 
crease in sweat sodium concentration, this 
determination was performed in essential hyper- 
tensives with the following results: 


Average| Mean Sweat 
Blood | Sodium Concen- 
Group Pressure] tration (mEq./L.) 
mm. and Standard 
Hg Deviation 
33 Normotensives........ 124/74 | 38.2 (S.D. + 18.2) 
35 Hypertensives........ 203/122} 44.0 (S.D. + 25.6) 


11 Hypertensives with di- |228/139| 33.7 (S.D. + 26.1) 
astolic blood pressure 
between 100 and 124 
mm. Hg 

24 Hypertensives with di- |194/114| 49.5 (S.D. + 25.3) 
astolic blood pressure 
between 100 and 124 
mm. Hg 


There is no significant difference between any 
of these groups. This makes it very unlikely that 
ordinary essential hypertensives have any con- 
siderable increase in the level of ‘‘electrolyte 
influencing”’ adrenocortical steroids. 
DEsSOXYCORTICOSTERONE AND THE URINARY 

EXCRETION OF SODIUM CHLORIDE. Walter 

H. Cargill, M.D. and Herbert A. St. Fohn, 

M.D. (introduced by James V. Warren, 

M.D.). Atlanta, Ga. (From the Depart- 

ment of Physiology, Emory University, 

and The Medical Service, Lawson Vet- 
erans Administration Hospital.) 

The effects of desoxycorticosterone acetate 
(DCA) and desoxycorticosterone glucoside 
(DCG) on the urinary elimination of a salt load 
imposed by the intravenous infusion of hyper- 
tonic (4 per cent) saline have been studied. 
Soffer’s observation of an increased rate of salt 
excretion following DCA administration in 
Cushing’s syndrome has been confirmed in five 
patients. A similar reversal of the usual action 
of DCA has been demonstrated in two patients 
with rheumatoid arthritis receiving pituitary 
adrenocorticotrophic hormone. Measurement of 
glomerular filtration rate and renal plasma flow 
by inulin and sodium para-aminohippurate 
clearances revealed that the observed changes 
in salt excretion resulted entirely from altera- 
tions in the tubular reabsorption of sodium and 
chloride. Two patients with diabetes insipidus 
showed increased sensitivity to the salt-retaining 
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action of DCA. The intravenous injection of 
DCG had no demonstrable effect on salt excre- 
tion or renal function in any of these subjects. 
These experiments indicate that under certain 
conditions of adrenocortical hyperactivity a 
paradoxic action of DCA on salt excretion may 
be observed. Advantage has been taken of this 
fact to study the role of the adrenal cortex in the 
renal regulation of salt balance when salt intake 
is reduced. Preliminary studies of this type in 
subjects on a rice diet have been carried out. 

SoME CARDIAC AND EXTRACARDIAC EF- 

FECTS OF DiciTALis. Don W. Chapman, 

M.D., Carroll Handley, Ph.D. (by invita- 

tion) and Russell A. Huggins, Ph.D. (by 

invitation). Houston, Tex. (From the De- 
partments of Medicine and Pharma- 
cology, Baylor University College of 

Medicine.) 

As a means of investigating the possible 
mechanism of action of digitalis, digitoxin and 
digoxin were used in varying concentrations 
from 0.1 mg. to 0.3 mg. per kg. body weight in 
twenty-three mongrel dogs to ascertain what 
relationship, if any, existed between the intra- 
venous administration of digitalis glycosides and 
the serum concentration of potassium and 
sodium and their effect on the electrocardio- 
graphic tracings, hematocrit, the plasma volume 
and the extracellular fluid. Twelve additional 
dogs were studied in which multiple blood 
samples were obtained from the femoral artery 
by puncture and from the right atrium and 
coronary sinus by catheters and the serum 
potassium levels ascertained. 

In small doses relatively little change occurred 
in the electrocardiograms or in the aforemen- 
tioned determinations but in larger doses a 
roughly qualitative relationship between the 
increasing height of the serum potassium and 
the electrocardiographic alterations existed, as 
seen in potassium intoxication such as increase 
in amplitude of the T wave, decreased size of 
the R wave, increased amplitude of S wave, 
auricular arrest in some, premature ventricular 
contractions, intraventricular block or auriculo- 
ventricular dissociation with interference. How- 
ever, in some instances no direct correlation was 
noted with the height of the serum potassium. 
Approximately the same levels of serum potas- 
sium were obtained from the heart muscle as 
from the skeletal muscle, indicating perhaps 
that there is no greater release of potassium 
from the heart. Marked increases in the hemato- 
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crit readings, a lowering of the plasma volume 
and in rare instances an increase in the extra- 
cellular fluid were observed when there had been 
marked changes in the electrocardiographic 
tracings. 

Toxiciry oF RapiopHospHoRus. W. E. 
Cornatzer, M.D., George T. Harrell, Fr.. 
M.D., David Cayer, M.D. and (by invita- 
tion) Camillo Artom, M.D. Winston-Salem, 
N.C. (From the Departments of Bio- 
chemistry and Internal Medicine, Bow- 
man Gray School of Medicine.) 

The present investigation is a part of a more 
extended study concerning the toxicity of radio- 
phosphorus and the factors which modify it. In 
the first series of experiments mice were main- 
tained on experimental diets in which the pro- 
tein and fat content were varied. After five days 
the mice were injected with a single dose of 
radiophosphorus (6 microcuries per gm. of body 
weight) and kept under observation for three 
more weeks. The per cent survival and the 
average survival time were greatest in mice on a 
low fat, low protein diet and decreased distinctly 
when either the protein or the fat level or both 
were increased (from 10 to 25 per cent protein 
and from 5 to 32 per cent fat). These findings 
may perhaps be related to an increased metab- 
olism due to the specific dynamic action of 
dietary components, especially proteins, and 
therefore would be in accord with the concept 
that the susceptibility to radiation parallels the 
rate of cell metabolism. Young and growing 
tissues are known to be more sensitive to radia- 
tion and the effects of radiation seem to be more 
severe in animals exposed to cold or given 
thyroxine (both conditions causing an increase 
in the general metabolism). 

Another series of experiments were made on 
mice on a low protein, high fat diet either unsup- 
plemented or supplemented with choline. Some 
groups of mice also received injections of CCl, 
two to three days before the administration of 
radiophosphorus. There was very little differ- 
ence in the per cent mortality or survival time 
of the various groups. One might conclude that 
under the conditions of our experiments neither 
the fatty infiltration of the liver induced by a 
deficiency in lipotropic factors nor the partial 
damage of the liver by CCl, modified appreci- 
ably the toxic effects of the radiophosphorus. 
STEREOSCOPIC METHOD FOR OBTAINING 


SPATIAL VECTORCARDIOGRAM. 7. A. Cron- 


Southern Society for Clinical Research 


vich, M.D., 7. A. Abildskov, M.D., C. E. 

Jackson, M.D. (by invitation) and George E. 

Burch, M.D. New Orleans, La. (From the 

School of Engineering, Tulane Uni- 

versity, Department of Medicine, Tulane 

University School of Medicine and Char- 

ity Hospital of Louisiana.) 

As reported previously the configuration of 
the spatial vectorcardiogram can be determined 
by constructing a wire model from images of 
projections of the vectorcardiogram onto frontal 
and sagittal planes. The time and labor involved 
in this construction is considerable. Recently, 
by means of a simple network of resistors be- 
tween electrodes on the right arm, left arm, left 
leg and back, images have been obtained of pro- 
jections of the vectorcardiogram onto two 
planes, one turned slightly to the right and the 
other slightly to the left of the frontal plane. By 
viewing these images stereoscopically the spatial 
characteristics of the vectorcardiogram are made 
evident. This method for deriving the images is 
admittedly approximate but the agreement be- 
tween the stereoscopic image and the wire model 
has been satisfactory. It is hoped that this 
method will give impetus to the study of spatial 
vectorcardiography. 

EXPERIMENTAL Stupy oF ACTH 1n_ In- 
DUCED AsTHMA. John 7. Curry, M.D., and 
(by invitation) Richard 7. Roche, M.D., 
Paul D. Doolin, M.D. and Laurence H. 
Kyle, M.D. Washington, D.C. (From the 
Georgetown University Hospital and 
Georgetown University Medical School.) 
In a group of subjects with mild bronchial 

asthma the injection of histamine and metha- 

choline resulted in an evanescent asthma-like 
attack with a reduction in vital capacity and 
maximum minute ventilation. After recovery 
from the attack a single intramuscular injection 
of 50 or 100 mg. of ACTH was given. At inter- 
vals thereafter up to seven hours and then for 
several days repeat injections of histamine and 
methacholine were administered. The  sub- 
jective reaction to these drugs was noted and 
the vital capacity and maximum minute ventila- 
tion recorded. The effect of ACTH on the total 
eosinophile count of the blood was also followed. 

The administration of ACTH under the con- 
ditions of our experiments was usually followed 
by an increase in vital capacity and maximum 
minute ventilation despite a lack of subjective 
relief from asthma. Significant protection against 
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the action of histamine and methacholine was 
not achieved, indicating that ACTH probably 
does not relieve asthma through an antihista- 
minic or anticholinergic action. The implica- 
tions of these studies on the pathogenesis and 
treatment of bronchial asthma will be discussed. 
AcuTE HEMODYNAMIC EFFECTS OF ADENO- 

SINE TRIPHOSPHATE. Dean F. Davies, M.D. 

(by invitation), Arthur L. Gropper, M.D. (by 

invitation) and Henry A. Schroeder, M.D. St. 

Louis, Mo. (From the Hypertension Divi- 

sion, Department of Internal Medicine, 

Washington University School of 

Medicine. ) 

Adenosine triphosphate (ATP) has been re- 
ported to have a vasodilatory effect in the hind- 
limb of the anesthetized dog but there is some 
evidence that it depresses glomerular filtration 
rate (GFR) and effective renal plasma flow 
(ERPF). Experiments were designed to study 
some of the hemodynamic effects of ATP in 
human beings. Seven unanesthetized patients 
were studied for the effect of 40 to 75 mg. of 
ATP on ERPF and GFR using para-aminohip- 
purate and inulin clearances. ERPF fell an 
average of 20.2 per cent and GFR fell an average 
of 14.5 per cent during infusion of AIP. In six 
of the seven patients ERPF changes showed a 
close correlation with dosage. Recovery toward 
control values began immediately after the 
injection in four of six patients. No consistent 
changes were seen in intra-arterial blood pres- 
sure, pulse rate, or in ear, finger or toe ple- 
thysmographs in these or in six patients in whom 
no clearances were done. Respirations increased 
markedly in amplitude. However, blood pres- 
sures, pulse rates and pulse pressures of nembu- 
talized hypertensive rates fell markedly during 
intravenous injection of 0.835 mg. of ATP and 
returned very slowly to previous levels. 

Varying amounts of ATP injected into a 
brachial artery of hypertensive patients while 
continuous plethysmographic records were taken 
from each forefinger suggested that any vaso- 
dilator action of ATP on the arterioles did not 
block their response to sympathetic stimuli. 
EFFECT OF DIET IN EXPERIMENTAL HyYPER- 

TENSION. W. D. Davis, Fr., M.D., and (by 

invitation) William S. Jacobs, M.D., F. B. 

Callahan, M.D. and Durant Dabbs, M.D. 

New Orleans, La. (From the Departments 


of Medicine, Tulane University of Loui- 
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siana School of Medicine and the Ochsner 

Clinic.) 

Studies of the influence of diet on the blood 
pressure in hypertensive and normal dogs re- 
vealed the following: (1) On a high protein, 
high sodium diet a significant rise occurred in 
the blood pressure in all hypertensive animals 
and no increase in pressure in the normotensive 
control animal. (2) On a high protein, low 
sodium diet no significant change in the blood 
pressure occurred in either hypertensive or con- 
trol animals. (3) On a low protein, high sodium 
diet no significant blood pressure response oc- 
curred in any of the hypertensive dogs tested. 
(4) On a low protein, low sodium diet a signifi- 
cant blood pressure fall was noted in all hyper- 
tensive animals and no significant change in 
the pressure of the normotensive control animal. 
In all instances the blood pressure determina- 
tions were made by direct femoral arterial 
puncture and the use of a mercury manometer. 
Hypertension was induced either by use of 
perirenal silk wrappings or by application of 
Goldblatt clamps. A total of six dogs was used; 
five were hypertensive, three having been 
hypertensive for over two years. One normo- 
tensive dog served as a control. Experimental 
periods on each of the diets ranged between 
four and eighteen weeks. A return to a previ- 
ously tested diet produced results similar to the 
initial test period in all cases. Periods using a 
regular house diet either maintained or returned 
the pressure to pre-experimental blood levels. 
Lonalac, a concentrated protein, low in sodium 
content (Mead Johnson and Company) served 
as the high protein dietary constituent. Rice was 
used in the low protein diet. Ten grams of salt 
were added daily to the Lonalac and rice diet 
to insure a high sodium content. The caloric 
value of all diets was sufficient to maintain 
weight. Some weight loss occurred when the full 
diet was not taken and this was especially true 
on the low protein, low sodium diet. 

On the average the high protein, high sodium 
diet produced a 25 mm. to 35 mm. blood pres- 
sure rise over pre-experimental levels in the 
hypertensive dogs. In these same animals a low 
protein, low sodium diet produced a 25 mm. 
to 35 mm. fall in blood pressure under pre- 
experimental levels. 

RESPONSE OF PULMONARY ARTERIAL PRES- 
SURE TO RapipD INFUSION OF PHYSIOLOGIC 
SALINE SOLUTION. Joseph T. Doyle, M.D., 
Joseph S. Wilson, M.D. (by invitation) and 
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James V. Warren, M.D. Atlanta, Ga. (From 
the Departments of Physiology and 
Medicine, Emory University School of 
Medicine.) 

In the course of a study of the mechanisms of 
pulmonary congestion and edema 1 L. of physi- 
ologic saline solution was given intravenously 
in ten minutes to fourteen adult males without 
cardiac abnormalities. In every case the mean 
pulmonary arterial pressure rose by 50 per cent 
to 260 per cent above the control level. Both 
systolic and diastolic pressures participated in 
this rise and the pulse rate remained constant. 
In two other instances there was a similar 
response to the transfusion of whole blood. In 
about one-half the cases the cardiac output was 
unaffected by rapid infusion while in the rest 
there was a significant increase but this could 
not be correlated with the magnitude of rise in 
pulmonary arterial pressure. The blood volume 
increased as indicated by an average fall in 
hematocrit reading of 14 per cent. The pul- 
monary blood volume determined by the dye 
method of Hamilton as modified by Ebert 
showed no consistent change in eight cases. 

There is therefore no evidence from this study 
that either increased cardiac output or increased 
pulmonary blood volume explains the observed 
rise of pulmonary arterial pressure. Pulmonary 
vasoconstriction or increased pulmonary venous 
pressure remain as possible explanations of the 
elevated pulmonary arterial pressure. 
INFECTIONS WITH THE COXSACKIE VIRUS 

OBSERVED DURING AN EPIDEMIC OF POLIO- 

MYELITIS IN TExAs 1n 1949. Thomas W. 

Farmer, M.D. (by invitation), G. P. Manire, 

M.D. (by invitation) and S. Edward Sulkin, 

M.D. Dallas, Tex. (From the Depart- 

ments of Bacteriology and Neurology, 

Southwestern Medical School of the 

University of Texas.) 

The variable clinical patterns presented by 
patients observed at the Parkland City-County 
Hospital in Dallas during the 1949 outbreak of 
poliomyelitis suggested multiple etiologic agents. 
Consequently, virological studies were under- 
taken on materials from sixty patients to de- 
termine whether agents other than poliomyelitis 
were present. A virus of the Coxsackie family, 
producing paralysis and myositis in infant mice, 
was isolated from two patients with paralytic 
infections. Both patients showed residual weak- 
ness four months after onset of illness. The 


strains isolated appear to be identical and are 
immunologically similar to strains isolated by 
Melnick and associates from flies trapped in the 
Rio Grande Valley in 1947 and from sewage 
collected in North Carolina in 1948. Human 
infections with this serologic type of Coxsackie 
virus have not been previously reported. Analyses 
of these strains, together with agents provided 
by Dalldorf and by Melnick, indicate that three 
or more serologic types exist within the Cox- 
sackie family. 

Neutralizing antibodies have been demon- 
strated in the sera from the two patients from 
whom virus was recovered. A significant rise in 
neutralizing antibody titer was also demon- 
strated in the sera of a non-paralytic patient 
who had been in close contact with one of the 
aforementioned patients. Serologic studies on 
specimens from other patients and from pre- 
sumably normal persons are presented. 
RELATION OF KIDNEY TO ACUTE PRESSOR 

ACTION OF DESOXYCORTICOSTERONE. Mel- 

vin. L. Goldman, M.D., Joseph P. Kriss, 

M.D. (by invitation), Palmer H. Futcher, 

M.D. (by invitation), Henry A. Schroeder and 

Dean F. Davies, M.D. (by invitation). St. 

Louis, Mo. (From the Hypertension Divi- 

sion, Department of Internal Medi- 

cine, Washington University School of 

Medicine.) 

It has been shown that hypertensive patients 
have an immediate pressor response after the 
intravenous injection of 5 mg. of desoxycortico- 
sterone acetate (DCA) whereas normotensive 
subjects do not. The pressor effect could neither 
be attributed to an increase in cardiac output, 
to retention of the sodium ion with the increase 
in blood volume nor to local peripheral vaso- 
constriction in distal parts. On the possibility 
that DCA (or the glucoside, DCG) might cause 
renal vasoconstriction and initiate the action of 
a renal pressor mechanism, the role of the kid- 
neys in this response was investigated by meas- 
urement of the clearances of sodium p-amino- 
hippurate, mannitol and chloride in human 
subjects and by bilateral nephrectomy in dogs. 
Six hypertensives, four normotensives and two 
patients with Cushing’s syndrome were studied. 
In most instances the dietary intake of salt was 
5 to 8 gm. per day. There was no consistent 
correlation except in the two patients with 
Cushing’s syndrome whose filtration fractions 
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increased slightly. The ratio cL = de- 


creased only in normals. 

The effect of intravenous DCA or DCG upon 
the blood pressure before and after bilateral 
nephrectomy in ten mongrel dogs was measured 
by a Hamilton manometer. When a pressor re- 
sponse to DCA occurred, as it did in only five, 
removal of the kidneys did not abolish the 
response immediately but twenty-four hours 
and forty-eight hours later. These experiments 
suggest that the immediate pressor response to 
DCA is not mediated through the kidneys in 
human beings or in dogs. A direct action upon 
the smooth muscle of blood vessels or upon the 
heart remains to be proven. 

EFFECTS OF VITAMIN Bj2, GIVEN ORALLY 
AND PARENTERALLY, AND OF A CONCEN- 
TRATION OF ‘‘ INTRINSIC FACTOR IN MACRO- 
cyTic AnemiAs.”’ Grace A. Goldsmith, M.D. 
New Orleans, La. (From the Department 
of Medicine, Tulane University School 
of Medicine.) 

Twenty-two patients with macrocytic anemia 
have been treated with oral or parenteral vita- 
min By, alone or combined with folic acid or a 
concentrate of ‘“‘intrinsic factor.’ Complete 
hematologic regeneration occurred when vita- 
min By. was given parenterally in doses as small 
as 0.8 wg. daily (average) in pernicious anemia 
and 0.4 yg. daily in sprue. Maximum rate of 
regeneration was attained with 3 to 4 ug. daily. 
The daily maintenance requirement varied 
from 0.3 to more than 1 yg. in pernicious 
anemia. 

Oral vitamin By, 5 to 10 wg daily, was with- 
out effect in four patients (two pernicious 
anemia, two nutritional macrocytic anemia, 
N.M.A.) but stimulated hematopoiesis in two 
patients with sprue, being as effective as paren- 
teral vitamin By,» in one instance. 

An intestinal extract containing ‘“‘intrinsic 
factor” failed to increase the hematologic effect 
of oral vitamin By. which was ineffective alone 
in a patient with N.M.A. This potentiation has 
been shown in pernicious anemia (Bethell) and 
may assist in the differentiation of macrocytic 
anemias. 

Combined therapy with folic acid and vitamin 
Biz led to hematologic improvement in three 
patients with sprue or N.M.A. receiving folic 
acid and in one patient with pernicious anemia 
receiving vitamin Byp. 
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PROGESTERONE THERAPY OF ADVANCED 
Mammary Cancer. Douglas Gordon, M.D. 
(by invitation), Albert Segaloff, M.D., 7. V. 
Schlosser, M.D. (by invitation), B. N. Hor- 
witt, (by invitation) and P. 7. Murison, M. 
D. (by invitation) New Orleans, La. (From 
the Department of Medicine, Tulane 
University of Louisiana, Alton Ochsner 
Medical Foundation and Charity Hos- 
pital of Louisiana.) 

Intramuscular injections of progesterone in 
aqueous suspension were used for the therapy 
of advanced cases of mammary carcinoma. 
Sixteen patients have been treated, thirteen of 
them for two months or longer. Of the thirteen 
patients, three have been stationary, nine have 
progressed and one showed first a mixed picture 
of progression and regression and then only 
progression. In none of the patients was there 
good objective evidence of regression of the 
neoplasm. All of the patients had local reactions 
from the medication, in a few instances leading 
to the formation of sterile abscesses. 

Urinary hormonal excretions were measured 
in many of the patients before and during 
therapy. We have noted no changes in 17-keto- 
steroid, biologic cortin or gonadotrophin as a 
result of the therapy. 

EVALUATION OF PERIPHERAL CIRCULATION 
IN Man. Harold D. Green, M.D., and (by 
invitation) C. F. McFall, M.D., R. Pollitzer, 
M.D. and M. Moore, M.D. Winston- 
Salem, N.C. (From the Departments of 
Physiology and Pharmacology, Bowman 
Gray School of Medicine of Wake 
Forest. ) 

Cutaneous circulation was estimated by re- 
cording the skin temperature with the subjects’ 
extremities exposed in a room maintained at 
20°c. plus 1°. Intramuscular flow was estimated 
by recording the rate of uptake of 5y curies of 
Na*‘, injected 2 cm. intramuscularly, by a 
Geiger counter placed over the injection site. 
Na** was reinjected when the counting rate 
became too low. 

After cooling for one hour the torso was 
warmed and one hour later, while continuing 
the body warming, TEAC 10 to 20 mg./kg., or 
priscoline 1.5 to 2.0:mg./kg. were injected over 
thirty minutes. 

The temperatures during the cooling period 
average 21°c. in normals and in patients with 
peripheral vascular disease (PVD) estimated 
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to be equivalent to 0.4 ml./min./100 cm.?. 

Maximum temperatures during combined effect 

of the drug plus body warming in all twenty 

normals averaged 34°c. (equivalent to 9 ml./ 

min./100 cm’). Patients with PVD had maxi- 

mum temperatures between 21° and 31°c. 

Muscle flow was expressed in terms of the 
time for half the injected Na*‘ to be removed by 
the circulation. Twelve normal subjects during 
body warming averaged nineteen minutes 
(range eleven to thirty-one minutes); during 
TEAC or priscoline injection the half time 
averaged twenty-four minutes (range eleven to 
forty-two minutes). This increase is probably not 
significant. Three patients with hypertension 
had control half times averaging seventeen 
minutes and three patients with PVD averaged 
thirty-three minutes; neither were significantly 
changed by the vasodilator drugs. 

In conclusion blood flow in the toes of normal 
subjects may increase twentyfold but muscle 
flow appears to be insignificantly affected by 
vasodilator procedures. Early obliterative vas- 
cular disease is probably more readily de- 
tected with cutaneous than with muscle flow 
measurements. 

ETAMON STUDIES IN BRONCHIAL AND CARDIAC 
AstHMA. L. Gregory, M.D., M. Damiani, 
M.D. and A. Ruskin, M.D. (introduced by 
Raymond Gregory, M.D. Galveston, Tex. 
(From the Department of Internal 
Medicine, University of Texas Medical 
Branch. ) 

In view of reports that tetraethylammonium 
had deleterious effects in bronchial asthma and 
favorable results in left ventricular failure, these 
two groups of patients were studied as to com- 
parative effects of etamon, epinephrine and 
aminophyllin, particularly in status asthmaticus. 
In some cases of bronchial asthma attacks were 
produced with histamine and the effect of these 
drugs then noted. Vital capacity measurements 
were relied on primarily for quantitative evalua- 
tion of the effects. 

In contrast to previous reports etamon was 
successful in relieving status asthmaticus, with 
evaluation of vital capacity, in one-half the 
cases. The effects frequently paralleled those of 
adrenalin and aminophyllin and those following 
preliminary histamine administration when the 
asthma was mild. In heart failure, on the other 
hand, the improvement in pulmonary signs, 
including vital capacity, was the exception 
rather than the rule. 


PRODUCTION OF ANESTHESIA IN Mucous 
MEMBRANES BY PROCAINE AND PuHyso- 
STIGMINE. Margaret E. Grieg, Ph. D., and 
(by invitation) W. C. Holland, M.D. and P. 
E. Lindvig, M.D. Nashville, Tenn. (From 
the Department of Pharmacology, Van- 
derbilt University School of Medicine.) 
We have previously reported that the selective 

permeability of living cells appears to be re- 
lated to the activity of the acetyl choline-cholin- 
esterase system. This was shown in mammalian 
erythrocytes (Arch. Biochem., 23: 370, 1949) and 
in the blood brain barrier of the frog (Science, 
110: 237, 1949). It is well known that procaine 
is not an effective surface anesthetic as it does 
not appear to penetrate the mucous membrane. 
We have found, however, that when procaine 
and physostigmine were together instilled into 
the eye (rabbit or dog), the corneal reflex was 
rapidly abolished (two to three minutes) and 
good anesthesia was produced. Physostigmine 
alone had no such effect. In a series of nineteen 
rabbits and eleven dogs it was found that the 
effects of physostigmine and procaine together 
were significantly different from those of pro- 
caine alone. 

TRIAL OF BANTHINE FOR Peptic ULCER. 
Keith S. Grimson, M.D., and (by invitation) 
C. Keith Lyons, M.D. Durham, N.C. (From 
the Department of Surgery, Duke Uni- 
versity School of Medicine.) 

Seventy patients with peptic ulcer have been 
tested during the last eight months and then 
treated using banthine 200 to 600 mg. daily. 
With few exceptions ulcers were located in the 
duodenum. Each had roentgenologic evidence 
of deformity and in many evidence of crater. A 
majority of the patients because of pain, re- 
peated hemorrhages or obstruction met con- 
ventional indications for surgery. Three with 
obstruction caused by scar tissue subsequently 
required gastroenterostomy with vagotomy. 
The remainder are continuing use of banthine 
without other medication and usually without 
dietary restriction. 

Roentgenograms obtained before treatment 
in each patient and at intervals afterward have 
evidenced improvement with healing of craters 
when present. With few exceptions pain was 
relieved by the first dose of banthine and with 
continuing treatment discomfort has not recur- 
red. Three patients, however, described increase 
of pain with 100 mg. doses orally. Occasionally 
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symptoms of gastric retention developed during 
the first several days of treatment and then sub- 


sided. Usual therapeutic dose has been 100 mg. 


every six hours emphasizing one dose during the 

middle of the night. Maintenance dose instituted 

after several weeks of treatment has been 50 mg. 
every six hours. Clinical results at present are 
remarkably encouraging. 

EFFECTS OF PYROGEN-INDUCED FEVER ON 
CEREBRAL FUNCTION IN NEUROSYPHILIS. 
Albert Heyman, M.D., and (by invitation) 
John L. Patterson, Fr., M.D. and Fenwick T. 
Nichols, Fr., M.D. Atlanta, Ga. (From the 
Departments of Medicine and Physiology, 
Emory University School of Medicine, 
and Grady Memorial Hospital.) 

The effects of pyrogen-induced fever on the 
cerebral blood flow and oxygen consumption 
were determined, utilizing the nitrous oxide 
technic, in thirteen patients with asymptomatic 
neurosyphilis and fourteen patients with de- 
mentia paralytica. The mean elevation of tem- 
perature in both groups of patients was 3.9°F. 
Each patient was studied at normal body tem- 
perature and in the flush phase of fever. 

In the patients with asymptomatic neuro- 
syphilis the mean cerebral blood flow and 
oxygen consumption were normal in the afebrile 
state and showed only minimal changes during 
fever. In the patients with dementia paralytica 
the mean cerebral blood flow and oxygen con- 
sumption, which were abnormally low in the 
afebrile state, increased by 30 per cent and 23 
per cent, respectively, during fever. 

It is concluded that during induced fever the 
brain in asymptomatic neurosyphilis does not 
share in the increases in cardiac output and 
total oxygen consumption which are known to 
occur. By contrast the brain in dementia par- 
alytica shares to some extent in the increases 
in both of these functions. The beneficial effect 
of fever therapy in dementia paralytica may 
have some relation to these findings. It is 
tentatively assumed that the normal brain has a 
response to fever similar to that of the asympto- 
matic patients. 

VITAMIN Bip AND PTEROYLGLUTAMIC ACID 
DEFICIENCY IN MacrocytTic ANEMIAS. 
Ulfar Jonsson, M.D., (by invitation) and R. 
Wayne Rundles, M.D. Durham, N.C. (From 
the Department of Medicine, Duke 
University School of Medicine.) 

A series of observations suggests that the basic 
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deficiency in pernicious anemia is different from 
that in other macrocytic anemias associated with 
megaloblastic erythropoiesis. 

In patients with pernicious anemia followed 
for as long as one and one-half years vitamin B12 
has duplicated in all respects the therapeutic 
results of liver extract. Incomplete responses and 
relapses such as occur with pteroylglutamic acid 
therapy have not occurred. Intrinsic factor has 
been shown to increase the absorption of Bie 
(extrinsic factor) in pernicious anemia. While 
pernicious anemia ordinarily develops only 
when intrinsic factor is absent, a patient was 
studied who had a macrocytic anemia, megalo- 
blastic bone marrow, atrophy of lingual papillas 
and severe neurologic disease characteristic of 
pernicious anemia but who had abundant free 
HC] in the gastric contents. Assay showed in- 
trinsic factor to be present. All manifestations 
of the deficiency responded to By injections. 

Of six infants with megaloblastic anemia one 
failed definitely to respond to Biz but responded 
promptly to pteroylglutamic acid. 

In an adult woman who used alcohol heavily 
nutritional macrocytic anemia developed that 
failed to respond in a month’s time to large 
amounts of Jiver extract intramuscularly. She 
responded rapidly to pteroylglutamic acid by 
mouth. An episode of nutritional macrocytic 
anemia developed in an alcoholic male for the 
third time while he was being given ordinarily 
adequate amounts of Bi, and liver extract in- 
tramuscularly. He responded to pteroylglutamic 
acid by mouth. 

These observations are consistent with the 
hypothesis that pernicious anemia is due to Bie 
deficiency, however it arises, and other macro- 
cytic anemias are due to pteroylglutamic acid 
deficiency. Each compound may serve as a 
partial therapeutic substitute for the other. 
ADRENAL INSUFFICIENCY SIMULATING CaR- 

piAc Disease. Laurence H. Kyle, M.D. and 

Catharine Q. Knop, M.D. (introduced by 

Harold JFeghers, M.D.). Washington, D.C. 

(From the Departments of Medicine and 

Pediatrics, Georgetown University School 

of Medicine and the Georgetown Uni- 

versity Hospital.) 

All three children in one family have shown 
a similar clinical picture resulting in death. The 
first child, a ten-day old boy with “‘hypospadius 
and undescended testes,” began to vomit, be- 
came severely dehydrated and died. The clinical 


bit, 
> 
at 
1 
= 
Se 
: 
big 
BN 
> 


402 Southern Society for Clinical Research 


diagnosis was intestinal obstruction. The second 
child, a boy, showed similar symptoms at the 
same age. Because of marked bradycardia, a 
loud apical systolic murmur and electrocardio- 
graphic evidence of A-V and intraventicular 
block, a diagnosis of congenital septal defect was 
made. Autopsy revealed no cardiac lesion. The 
third boy was similarly affected. Bradycardia 
was prominent and the electrocardiogram was 
interpreted as showing auricular fibrillation and 
bundle block; after the administration of fluids 
the heart rate and electrocardiogram became 
normal. There was elevation of serum potassium 
and NPN with depression of sodium and 
chloride. Administration of desoxycorticosterone 
resulted in marked clinical improvement and 
change of serum electrolytes to normal. Urinary 
17-ketosteroids were elevated and 11-oxysteroids 
absent. 

These children are believed to have had con- 
genital adrenal hypoplasia, a condition which 
frequently leads to adrenal failure. It is believed 
that this syndrome is frequently overlooked, 
especially in boys, clinical features being at- 
tributed to intestinal obstruction. Simulation of 
cardiac disease has not previously been noted. 
CONGENITAL IpIOPATHIC HyPOPROTHROM- 

BINEMIA. Jessica H. Lewis, M.D. and John 

H1. Ferguson, M.D. Chapel Hill, N.C. (From 

the Department of Physiology, University 

of North Carolina Medical School.) 

Two patients, unrelated and of different sexes, 
who had suffered from hemorrhagic manifesta- 
tions since infancy were found to have markedly 
prolonged prothrombin times (Quick), indicat- 
ing “prothrombin concentrations” of 1 to 2 per 
cent. In one patient, R. S., the coagulation time 
(37°c.) was prolonged to eighty-eight minutes 
(glass) and three and a half hours (silicone), 
while in the other patient, M. T., the coagula- 
tion time was only slightly prolonged to thirteen 
minutes (glass) and forty-five minutes (silicone). 
Results of other hemostatic tests: bleeding time, 
platelet count, tourniquet test, clot retraction, 
plasma fibrinogen, serum antithrombin, ability 
to normalize hemophilic coagulation, absence of 
anticoagulant or progressive antithromboplastin 
were normal in both patients. Special studies 
were made of these “prothrombin” deficiencies 
by mixing the plasmas with aged plasma, dicu- 
marol® plasma, BaSO, plasma and by adding 
Seeger’s bovine prothrombin and Ac-globulin. 
It was concluded that no deficiency of Quick’s 
labile factor existed in either case but that pro- 


thrombin, probably Quick type B, was markedly 
diminished. Although both patients had re- 
ceived frequent small doses of synthetic water 
soluble vitamin K derivatives without apparent 
benefit, therapeutic trials of 1,000 mg. of 
synkayvite and 1,000 mg. of vitamin K-1 oxide 

intravenously were made in one patient, M. T.., 

and no shortening of prothrombin time was 

observed. 

EFFECTS OF BLEEDING IN DIFFERENT Pos- 
TURES ON SopIUM EXCRETION AND GLO- 
MERULAR FILTRATION. Thomas Lombardo, 
M.D. and William Viar, M.D. (introduced 
by T. R. Harrison, M.D.). Dallas, Tex. 
(From the Department of Internal Medi- 
cine, Southwestern Medical College.) 
Minimal bleeding (200 cc.) in the sitting 

posture caused definite decline in sodium excre- 
tion without change in glomerular filtration. 
Bleeding Jarger volumes in the recumbent or 
Trendelenburg positions caused temporary de- 
cline in glomerular filtration in most of the 
subjects. The decline in sodium excretion was 
maximal two to three hours after the filtration 
rate had returned to normal. The alterations in 
sodium excretion are therefore to be ascribed 
to changes in tubular activity. 

EFFECTS OF BANTHINE ON GASTRIC SECRE- 
TIONS AND GASTROINTESTINAL MOTILITY 
IN Man. C. Keith Lyons, M.D. (by invi- 
tation) and Keith S. Grimson, M.D. Durham, 
N.C. (From the Department of Surgery, 
Duke University School of Medicine.) 
Banthine, a quaternary ammonium com- 

pound, beta-diethylaminoethyl xanthene 9- 
carboxylate methobromide, has been tested in 
120 patients in studying effects of 100 or 200 mg. 
by intravenous, intramuscular or oral adminis- 
tration and comparing effects with those of 
atropine or dibutoline. As judged by gastro- 
metric balloon methods and by roentgeno- 
graphic study, banthine given intramuscularly 
eliminated or effected a marked reduction of 
peristalsis lasting several hours. Atropine intra- 
venously or intramuscularly produced a less 
consistent reduction lasting around half an hour 
but dibutoline effected for an hour as complete 
a cessation of activity as banthine. Banthine 
given orally produced marked reduction or 
elimination of peristalsis lasting several hours; 
whereas, atropine orally effected only slight 
temporary changes and dibutoline orally was 
not effective. 
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Effect on gastric secretions of each drug by 
each route of administration was also deter- 
mined. Results were variable. Banthine effected 
more frequent, more pronounced and longer 
lasting reduction of volume and acidity than 
atropine or dibutoline (i.v. or i.m.). With oral 
administration banthine was effective, atropine 
had little effect and dibutoline no effect. During 
the period of reduction of free acid an hour or 
more after banthine, 100 mg. or with better 
consistency 200 mg., insulin hypoglycemia 
failed to produce high acid in some patients, 
elevation occurring in others. 

ACETYLATION OF P-AMINO COMPOUNDS BY 
THE Rapsit. M. F. Mason, M.D., Gus 
Casten, M.D. (by invitation) and Allan 
Lindsay, M.D. (by invitation). Dallas, Tex. 
(From the Parkland Hospital and the 
Southwestern Medical School of the 
University of Texas.) 

Following intraperitoneal injection of 200 to 
500 mg. of certain p-amino compounds in the 
rabbit, acetylation by the liver attains a maxi- 
mum rate which is then essentially independent 
of the plasma concentration of the p-amino com- 
pound achieved. The acetylation rate is calcu- 
lated by measuring the amount of acetylamino 
derivative appearing in the urine and accumu- 
lating in the body per unit time. Calculations 
based on the ultimate plasma concentrations 
obtained after similar injections into neph- 
rectomized rabbits indicate the fluid volume in 
which the drug is distributed. Preliminary esti- 
mates of the maximum rates of formation of 
acetylsulfanilamide, acetylaminobenzoate and 
acetyl p-amino hippurate have been made. 
EXCHANGE OF ALBUMIN BETWEEN PLASMA 

AND LympH. H. S. Mayerson, M.D. (by 

invitation) Kalman Wasserman, M.D. New 

Orleans, La. (From the Department of 

Physiology, ‘Tulane University School of 

Medicine. ) 

Human serum albumin tagged with radio- 
active I, (I-131), has been injected intravenously 
in dogs and its appearance followed in thoracic 
duct lymph for periods as long as thirty-six 
hours. The iodo-albumin leaves the plasma ex- 
ponentially at a very slow rate and appears in 
the lymph in measurable count in from ten to 
twenty minutes after the injection. Analysis of 
curves drawn from specific activity determina- 
tions indicate that the uptake of iodo-albumin 
in thoracic duct lymph is quite rapid at first 
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then shows a slower phase which, in turn, is 
followed by a still slower uptake until equilib- 
rium is reached in about fourteen hours (as 
determined by extrapolation). Thereafter the 
albumin seems to disappear from both tissues at 
approximately the same rate. Curves drawn 
from the results of experiments in which the blue 
dye, T-1824, was injected simultaneously with 
the iodo-albumin reveal differences, particularly 
in the last phase of lymph uptake. The results 
to date allow certain tentative conclusions with 
respect to the permeability of blood and lymph 
capillaries as well as to the volume of available 
extracellular fluid. 

ELECTROKYMOGRAPHIC TRACING OF LEFT 
AURICULAR PutsatTions. 7. B. McKinnon, 
M.D. (by invitation) and Ben Friedman, 
M.D. Dallas, Tex. (From the Veterans 
Administration Hospital, McKinney, 
Texas and the Department of Medicine, 
Southwestern Medical College.) 

Luisada and his co-workers have described a 
characteristic change in the electrokymographic 
tracing taken over the left auricle in mitral 
valve disease. Essentially it consists of increased 
auricular filling with the onset of ventricular 
systole. We have confirmed this finding. It is 
believed to be due to actual regurgitation of 
blood from ventricle to auricle and not to posi- 
tional change of the heart. It did not appear in 
patients with right ventricular hypertrophy due 
to cor pulmonale nor in subjects with the Austin 
Flint murmur associated with aortic insuffi- 
ciency. The typical curve has been observed in 
persons with mitral stenosis without an audible 
systolic murmur. While regurgitation may be 
present with mitral stenosis in the absence of a 
systolic murmur, instances of pure mitral steno- 
sis without electrokymographic or ausculatatory 
evidence of insufficiency have been noted. In far 
advanced mitral stenosis with severe congestive 
failure electrokymographic evidence of regurgi- 
tation tends to be minimal. 

The characteristic electrokymographic tracing 
was not found in persons with loud apical systolic 
murmurs, associated with large hearts due to 
non-valvular heart disease. These observations 
cast doubt on the concept of functional mitral 
insufficiency in relation to cardiac enlargement. 
EFFICACY OF QUINIDINE IN PREVENTING 

VENTRICULAR FIBRILLATION INDUCED BY 

TEMPORARY CORONARY OCCLUSION IN 


Docs. George R. Meneely, M.D., and (by 
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invitation) Sam E. Stephenson, M.D. and 

Otto M. Rochtitsky, M.D. Nashville, Tenn. 

(From the Research Laboratory of Thayer 

Veterans Administration Hospital and 

the Department of Medicine of Vander- 

bilt University School of Medicine.) 

We have developed a technic for inducing 
ventricular fibrillation in a high proportion of 
dogs by a mechanism which may have a counter- 
part in human coronary artery disease. The 
entire anterior descending branch of the left 
coronary artery was occluded for thirty minutes 
and then allowed to reopen. Such a procedure 
provides a suitable method for assay of anti- 
fibrillatory agents because ventricular fibrilla- 
tion occurred in 75 per cent of twenty-eight 
untreated dogs. 

When 15 mg./kg. of quinidine were adminis- 
tered slowly intravenously during the occlusion 
in fifteen more dogs, fibrillation after release of 
the artery developed in only four or 27 per cent, 
a large and significant improvement over the 
usual 75 per cent in controls. The dose of 15 
mg./kg. was chosen arbitrarily and is almost 
certainly not optimal in the light of other work 
by France and Kory, nevertheless, even this low 
dose was quite effective as seen from the 
aforementioned data. 

A Fat EMULSION FOR INTRAVENOUS NUTRI- 
TION IN Raspits. H. C. Meng, M.D. (in- 
troduced by William J. Darby, M.D.). 
Nashville, Tenn. (From the Department 
of Physiology, Vanderbilt University 
Medical School.) 

It was previously reported from this Jabora- 
tory that a fat emulsion, administered intra- 
venously to dogs, was non-toxic and could be 
utilized. The present report indicates similar 
results in experiments with rabbits. Normal 
controls were observed for two weeks with blood 
counts and determination of hemoglobin and 
body weight. Twenty rabbits then received 
daily intravenous injections as follows: two 
received 5 per cent glucose, five received the 
emulsifying agents in 5 per cent glucose and 
thirteen received 10 per cent fat emulsion in 5 
per cent glucose. The daily amount of fat was 
1.5 gm. per kg. of body weight. In some animals 
injections were continued for four weeks after 
which the animals were sacrificed for histologic 
study. There had been no significant change in 
the blood picture and there was no noteworthy 
change in the microscopic picture of the liver, 


lung, heart, kidney or spleen. Pyrogen tests 
showed that emulsions which are less than two 
months old are pyrogen-free but older emulsions 
can be rendered less likely to produce fever if 
re-autoclaved. Furthermore, it has been found 
that the emulsion is not antigenic and the intra- 
venous injection of 1.5 to 3.0 gm. of fat per kg. of 
body weight as 10 per cent emulsion produced 
no appreciable effect on arterial blood pressure. 

There is every indication that this emulsion 

could be used clinically. 

FURTHER STUDIES ON THE EXISTENCE OF 
RENAL Bypasses. John H. Moyer, M.D. 
and Carroll A. Handley, M.D. (introduced 
by James A. Greene, M.D.). Houston, Tex. 
(From the Department of Medicine and 
Pharmacology, Baylor University College 
of Medicine.) 

An attempt was made to evaluate further the 
existence of cortical ischemia resulting from 
juxtamedullary shunts in the kidney. These were 
reported by Trueta et al. to become active 
functionally following sciatic nerve stimulation 
or the administration of adrenalin. Their con- 
clusions were based on the concentration of dye 
in the juxtamedullary area of the kidney and 
on arterialization of blood as noted on direct 
observation. 

In the experiments on dogs herein reported 
changes in renal blood flow as measured 
directly, systemic blood pressure, renal arterio- 
venous oxygen differences were determined 
following sciatic nerve stimulation. Renal blood 
flow consistently decreased (40 per cent) irre- 
spective of systemic blood pressure which in- 
creased in about three-fourths of the animals. 
The mean A-V Oz difference increased (100 per 
cent after two hours) significantly due to de- 
creasing oxygen content of the blood coming 
from the kidney. Arterialization was never ob- 
served. Similar changes were noted following 
the administration of adrenalin. 

An attempt was then made to increase renal 
blood flow by the use of thyroxin. Renal blood 
flow, glomerular filtration and glucose Tm were 
measured by indirect clearance methods. After 
five days of thyroxin administration aj] three 
were found to increase (40 per cent) in direct 
proportion. Similar observations were noted in 
an acute experiment using dinitrophenol to 
increase renal blood flow and general metabolic 
function. An experiment was then set up to do 
clearance studies, direct blood flow and renal 
blood oxygen content studies when renal blood 
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flow is increased by the use of dinitrophenol and 

decreased following sciatic nerve stimulation. 

No evidence was found to support the hypothesis 

of “renal bypasses.” 

StupiEs oF Hepatic FUNCTION IN PATIENTS 
ON THE “Rice Diet.” 7. D. Myers, M.D. 
and (by invitation) R. 7. F. Murphy, M.D. 
Durham, N.C. (From the Department of 
Medicine, Duke University School of 
Medicine. ) 

The hepatic blood flow, splanchnic oxygen 
consumption, net splanchnic glucose output and 
the bromsulfalein clearance have been estimated 
in a group of subjects treated with the Kempner 
“rice diet.’ The data so obtained have been 
compared with similar figures obtained on con- 
trol individuals without significant disease and 
with another series of patients with arterial 
hypertension but not receiving the rice diet. 

The hepatic blood flow and splanchnic oxygen 
consumption have been found normal in the 
subjects on the rice diet. The net splanchnic 
glucose production is reduced in some indi- 
viduals. A decided decrease in bromsulfalein 
clearance makes its appearance during the first 
several weeks on the diet and persists thereafter 
for as long as three months. The BSP clearance 
is reduced not only in comparison to normal sub- 
jects but in comparison with the non-treated 
hypertensives, also. The disability in removal of 
BSP from the blood parallels in general the 
reduction in serum cholesterol which these pa- 
tients characteristically show. Supplementation 
of the diet with cholesterol has thus far not pre- 
vented the fall in either BSP clearance or in 
serum cholesterol values. 

A PosstBLE MECHANISM FOR THE Hypo- 
TENSIVE EFFECT OF THIOCYANATES. WNor- 
man S. Olsen, M.D. (introduced by Henry A. 
Schroeder, M.D.) St. Louis, Mo. (From the 
Hypertension Division, Department of 
Internal Medicine, Washington Uni- 
versity School cf Medicine.) 

Thiocyanates have been used successfully in 
therapeutically lowering blood pressure in 
selected hypertensive patients. Inasmuch as 
little is known concerning its mechanism of 
action, the effect of this ion was studied in vitro. 
Two distinct actions of thiocyanate have been 
found in this study. The first, a general toxic 
effect on tissue oxidation, is probably a reflection 
of the untoward symptoms noted in patients. Jn 
vitro the toxic effect is obtained at levels of about 
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0.1M thiocyanate. It was also found that cyanide 
in concentrations of 0.001M produced the same 
result and a mixture of the two inhibitors results 
in no further action. The second action seems 
to be an inhibition of amino acid oxidation at a 
concentration of about 0.0005M thiocyanate, at 
which concentration little change is found in 
basal tissue oxidations. At these concentrations 
cyanide produces no inhibition of amino acid 
oxidation. Thiocyanate exerts no effect on 
the oxidation of added amines at these low 
concentrations. 

It has been postulated that faulty amino acid 
and amine metabolism are important in the 
pathogenesis of essential hypertension. If pressor 
amines are of significance in causing or main- 
taining hypertension, any agent which diminishes 
the production of amines from this parent amino 
acid should produce a hypotensive effect. It is 
found that thiocyanate produces a hypotensive 
effect at concentrations five times greater than 
those required to inhibit amino acid metabolism. 
RELATION OF PLAsMA CELL GROWTH TO 

ABNORMAL SERUM PROTEIN COMPONENTS 

AND BENCE JONES PROTEINURIA IN MULTI- 

PLE MyeE toma. R. W. Rundles, M.D. and 

(by invitation) M. L. Dillon, M.D., Edith S. 

Dillon, M.D. and G. R. Cooper, M.D. Dur- 

ham, N.C. (From the Department of 

Medicine, Duke University School of 

Medicine.) 

The relationship of plasma cell proliferation 
to the abnormal serum proteins and to Bence 
Jones proteinuria in multiple myeloma has been 
studied during urethane therapy. In most 
patients 90 to 300 gm. of urethane given in a 
period of six to ten weeks reduces the number 
of abnormal plasma cells in the bone marrow 
and produces morphologic changes indicative 
of arrested or retarded growth. Sixty electro- 
phoretic analyses of the serum proteins were 
made in eleven patients followed from three to 
twenty-eight months. Six patients with hyper- 
proteinemia had large peaks of abnormal pro- 
tein with gamma mobility. After two to four 
months of therapy three of them had virtually 
normal patterns, only slight homogeneity re- 
maining in the gamma globulin. In a fourth 
patient protein with gamma mobility was re- 
duced about 50 per cent. In two there was no 


change. 
One patient had a large protein increment 
with mobility intermediate between gamma and 
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beta globulin. He obtained a partial remission 
during the first treatment period but relapsed 
after three months. Urethane was then given 
continuously, 1,275 gm. in fourteen months. He 
relapsed under treatment and urethane was dis- 
continued. The excretion of Bence Jones protein 
in the urine then declined from an average of 
17 to 19 gm. per day to 0.25 to 0.4 gm., serum 
protein with the mobility of the abnormal com- 
ponent fell from 2.35 gm. to 1.0 gm. per 100 cc. 
and the hemoglobin which had fallen below 
6.0 gm. per 100 cc. was again maintained at 
normal levels. 

In one of the four patients with a virtually 
normal serum protein pattern a definitely ab- 
normal peak developed during an exacerbation 
of his disease after being followed for seventeen 
months. In another patient heavy Bence Jones 
proteinuria was reduced 75 per cent without 
altering the serum protein pattern. 

As plasma cell growth is inhibited by urethane 
in multiple myeloma, abnormal serum protein 
components, even those generally found not to 
represent Bence Jones proteinemia, are reduced 
or may virtually disappear. This change parallels 
the reduction or disappearance of Bence Jones 
proteinuria. During prolonged continuous ad- 
ministration of urethane myeloma cells may 
become dependent on the chemical. 
CEREBRAL METABOLISM IN HyPERTHYROID- 

ISM AND MyxeEpEMA. Peritz Scheinberg, 

M.D. (introduced by Eugene A. Stead, Fr., 

M.D.). Durham, N.C. (From the Duke 

University School of Medicine.) 

Cerebral blood flow and metabolism were 
measured by means of the nitrous oxide technic 
in nine subjects with hyperthyroidism and in 
eight subjects with myxedema. Three patients 
with myxedema were restudied after clinical 
improvement on thyroid therapy. 

The subjects with hyperthyroidism showed no 
significant variation from normal in any of the 
measured cerebral metabolic functions. This is 
of interest in view of the 35 per cent increase in 
splanchnic oxygen consumption known to occur 
in a similar series of hyperthyroid patients. 

The patients with myxedema showed reduc- 
tions in cerebral blood flow (38 per cent) and 
oxygen consumption (27 per cent) commensu- 
rate with the fall in cardiac output and total 
oxygen consumption which occurs in these pa- 
tients. Cerebral glucose consumption decreased 
in proportion to the cerebral oxygen consump- 
tion. Cerebral vascular resistance was increased 
almost 100 per cent. All cerebral metabolic 
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functions returned toward normal along with 
clinical improvement in the three patients re- 
studied after thyroid therapy. 

These data indicate that in hyperthyroidism 
the brain does not share in the general increase 
which occurs in body metabolism and that the 
clinical signs of mental dysfunction so commonly 
observed in myxedema may be accounted for by 
the decreased cerebral metabolism in this disease. 
PATHOGENESIS OF JARISCH-HERXHEIMER RE- 

ACTION IN RABBIT SYPHILIS: PRODUCTION 

BY THE INJECTION OF SYPHILITIG SERUM. 

Walter H. Sheldon, M.D., Albert Heyman, 

M.D. and (by invitation) Lilian D. Evans, 

M.D. Atlanta, Ga. (From the Departments 

of Pathology and Medicine, (Clinic for 

Genitoinfecticus Diseases), Emory Uni- 

versity School of Medicine, and Grady 

Memorial Hospital.) 

Previous studies have shown that transient 
acute inflammatory changes occur in human 
syphilitic lesions during the Herxheimer reac- 
tion. Similar histologic changes occur in syphi- 
litic lesions of rabbits following treatment. Injec- 
tions of living or dead spirochetes failed to 
produce these changes. 

Herxheimer-like reactions occur in Spirillum 
minus infections in which immobilizing and 
lysing antibodies are present. This infection pro- 
duces skin lesions in rabbits. When serum from 
similarly infected rabbits was given, the recipi- 
ent animals showed histologic changes in the 
lesions resembling the changes occurring in the 
Herxheimer reaction of syphilis. 

Twelve rabbits were inoculated intravenously 
and in multiple skin sites with Treponema pal- 
lidum, Nichols strain. After lesions appeared 
each of the six animals was given 70 cc. of serum 
intravenously from untreated syphilitic rabbits. 
The remaining animals received equa] amounts 
of normal rabbit serum. Individual syphilomas 
were excised from each animal] before and after 
injection. On histologic examination transient 
acute inflammatory changes were found in the 
syphilomas of five animals receiving syphilitic 
serum. No changes were observed in the six 
controls. 

Our findings suggest a relationship of serum 
antibodies in syphilitic and Spirillum minus in- 
fections to the mechanism of the Herxheimer 
reaction. Further studies on this problem are in 
progress. 

STUDIES ON AN Homo.LoGous Brain ‘TISsuE 

ANTIGEN IN Docs. Lewis Thomas, M.D., 
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(and by invitation) Philip Y. Paterson, M.D. 

and Elizabeth Smithwick, M.D. New Or- 

leans, La. (From the Division of Infec- 

tious Disease, Department of Medicine, 

Tulane University School of Medicine.) 

Allergic encephalomyelitis has been produced 
in dogs by immunization with homologous brain 
extracts mixed with adjuvants. The _histo- 
pathology of the disease resembles that described 
by others in monkeys but a longer time is re- 
quired for the development of lesions and the 
incidence is lower. An antibody has been demon- 
strated in the serum of immunized dogs which 
reacts with an antigenic component of normal 
dog brain and peripheral nerve in complement 
fixation tests. The relationship between this 
antigen-antibody system and the experimental 
disease is not known; all dogs showing demye- 
lination have had antibody but others without 
lesions have also had antibody. 

The antigen is demonstrable in aqueous and 
lipid-solvent extracts of brain. It is present in 
brain and nerve tissue from other species but not 
in other organs. It is not demonstrable in new- 
born dog brain tissue. It is resistant to boiling 
and to treatment with 10 per cent formalin. It is 
a component of the acetone-soluble, unsaponi- 
fiable fraction of white matter lipids and is 
separable from cholesterol. Specific immunologic 
activity may be demonstrated with less than 1 
microgram of the partially purified material. 
Further studies bearing on the nature of this 
material will be presented. 

EFFECTS OF POSTURE AND OF COMPRESSION 
OF THE NECK ON GLOMERULAR FILTRA- 
TION. William Viar, M.D. and Thomas 
Lombardo, M.D. (introduced by T. R. Harri- 
son, M.D.). Dallas, Tex. (From the De- 
partment of Medicine, Southwestern 
Medical College.) 

The rise in sodium excretion produced by the 
recumbent position or by compression of the 
neck in the sitting position is not attended by 
significant change in glomerular filtration. Alter- 
ations in tubular activity must therefore be held 
responsible. 

RELATIONSHIP OF DURATION OF PHASES OF 
Carpiac CycLe LENGTH As DETERMINED 
IN HUMANS BY THE ELECTROKYMOGRAPH. 
Kathryn Willis, M.D. (introduced by Tinsley 
R. Harrison, M.D.). Dallas, Tex. (From 
the Department of Internal Medicine, 
Southwestern Medical College.) 


There is a paucity of data in the literature 
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of the duration of phases of the cardiac cycle in 
human subjects. Therefore, it seems worth 
while to present the duration of these phases and 
relation to cycle length as determined in normal 
subjects by the electrokymograph. The average 
values are, namely, isometric contraction 0.039 
second, rapid ejection 0.104 second, total sys- 
tole 0.26 second, protodiastole (time from relaxa- 
tion of ventricle to closure of semilunar valve) 
0.039 second, as measured from tracings of 
ascending aorta in thirty-two normal subjects. 
Diastolic phases measured from left ventricular 
border tracings are the following: isometric 
relaxation 0.104 second, rapid filling 0.135 sec- 
ond and diastasis 0.16 second. Ranges of these 
values are to be presented as well as comparison 
to total cardiac cycle length. 

TREATMENT OF INFECTIONS DUE TO PsEUDO- 
MONAS AERUGINOSA (BACILLUS Pyocy- 
ANEUS) WITH POLYMYXIN—REPORT OF A 
CasE OF MENINGITIS. Ellard M. Yow, M.D. 
and E. R. Hayes, M.D.) (introduced by 
James A. Greene, M.D.). Minneapolis, Minn. 
(From the Department of Medicine, 
Baylor University College of Medicine, 
Houston, Texas and Students’ Health 
Service, University of Minnesota. ) 
Polymyxin is a polypeptide antibiotic which 

acts as a bactericidal agent against Aerobacter 
aerogenes, Sal. typhosa, K. pneumoniae, H. in- 
fluenzae, and Pseudomonas aeruginosa but not 
against Proteus vulgaris. It is composed of five 
fractions having similar chemical and biologic 
properties but varying somewhat in toxic mani- 
festations. Because of evidences of nephrotoxicity 
and neurotoxicity occurring in some patients, 
as well as the overlapping antibacterial spectrum 
of other antibiotic agents, its general use has 
been limited. Infections due to Pseudomonas 
aeruginosa, however, frequently do not respond 
to other available antimicrobial agents. Clinical 
experience thus far has revealed a consistently 
favorable response in patients with Pseudomonas 
infections treated with polymyxin. Conse- 
quently, it is believed that because of the high 
mortality rate associated with systemic infections 
due to this organism, polymyxin represents the 
most successful means of treatment available at 
the present time. 

A case of meningitis due to Pseudomonas 
aeruginosa occurring in a sixteen year old girl 
following spinal anesthesia, failing to respond to 
sulfonamide, penicillin and streptomycin therapy 
but responding to the intramuscular and intra- 
thecal administration of polymyxin, is discussed. 
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Case Reports 


Disseminated Coccidioidomycosis’ 


Treatment with Protoanemonin 


NEAL J. CONAN, JR., M.D. and GEORGE A. HyMAN, M.D. 
New York, New York 


ENERALIZED, or disseminated, coc- 
cidioidomycosis was first described 
as a disease entity in man by 

Wernicke' in Argentina in 1892. Four years 
later Rixford and Gilchrist? reported two 
cases in North America. It was, however, 
not until forty years later** that coccidioido- 
mycosis became well recognized as endemic 
to certain arid areas of California, Arizona, 
New Mexico and West Texas.*° 

Our present day understanding of this 
disease has evolved to a considerable extent 
on the basis of three types of study: (1) by 
virtue of further documentation of the char- 
acteristics of the organism® as well as the 
pathogenesis of the infection;**® 11132 (2) 
through recognition of the disease by the 
large scale employment of the skin sensi- 
tization reaction,'*'!* particularly by Jacob- 
son;'* (3) through the practical utilization 
of the complement-fixation and precipitin 
tests in diagnosis as a result of the pioneering 
efforts of Smith’® and Cooke.'® 

Although an extensive animal reservoir 
has been found in endemic areas, in wild 
rodents, dogs, sheep, cattle and various 
anthropoids, transmission from animal to 
man or man to man has not been de- 
scribed.*’''* Ordinarily the highly infectious 
chlamydospores present in the dust of 
endemic areas are inhaled and _ thereby 
may initiate the disease. According to 
Smith? ‘“‘the only significant portal of entry 
is the respiratory. Occasional infections 
have been credited to abrasions.!*?° Infec- 
tion by ingestion does not occur.’’ There 
appears to be general agreement with this 


viewpoint?!'”? and other portals of entry 
have only rarely been incriminated. ‘Two 
cases of rather widespread involvement of 
the female internal genital organs have 
been described to date?*”’ but there is no 
reference in the literature to the uterus as 
a possible primary focus. 

The present report concerns a patient 
with disseminated coccidioidomycosis in 
whom the portal of entry appears to have 
been the postpartum uterus. 


CASE REPORT 


A thirty year old, white Jewish housewife was 
admitted to the Presbyterian Hospital in 


January, 1946, because of a two-year febrile 


illness which, in the preceding six weeks, had 
become rapidly progressive. Her son aged six 
and her daughter aged two and one-half, the 
issues of her only pregnancies, as well as her 
husband, were in good health. They had no 
evidence of coccidioidomycosis then or at the 
time of the present writing. Positive features of 
the past history were uncomplicated scarlet 
fever as a child, seasonal hay fever of twelve 
years’ duration, ascariasis successfully treated, 
and an attack of “‘pyelitis’ marked by hema- 
turia. The last two diseases occurred in 1938 
during a year spent in Syria and Turkey. Except 
for this year in the Near East she had always 
resided in New York City until 1941. 

Between 1941 and 1945 the patient lived in 
Arizona and New Mexico where her husband 
was a physician on an Indian reservation. She 
was well until May, 1943, when during the 
seventh month of her second pregnancy there 
was a transient episode of uterine bleeding. 
Delivery occurred at term in July and was said 
to have been normal except that it was “dry.” 


* From the Department of Medicine, College of Physicians and Surgeons, Columbia University. and the Presbyterian 
Hospital, New York, N. Y. 
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The puerperium was complicated by failure of 
the uterus to involute but there were no signs 
of infection as manifested by fever or leukocyto- 
sis. Because involution did not occur within 
two months a dilatation and curettage was 
performed in an Arizona hospital on September 
17, 1943, following which the uterus involuted 
and normal menses ensued. The histopathologic 
diagnosis made upon the curettings was tuber- 
culosis of the endometrium. An x-ray of the 
chest was reported as normal. At no time prior 
to or during puerperium were there symptoms 
of a respiratory infection nor were there skin 
lesions. For the next three and a half months the 
patient enjoyed good health. 

Between January, 1944, and January, 1945, 
the patient experienced intermittent episodes 
of malaise, chilliness and fever to 100°-101°F. 
These lasted from two to seven days and occurred 
every one or two months. During this year 
skin tests with coccidioidin and tuberculin were 
negative and additional x-rays of the chest re- 
vealed no abnormalities other than what was 
interpreted as healed, calcified, childhood tuber- 
culous lesions in the hilar areas. In August, 1944, 
an erythematous, macular lesion appeared in 
the right nasolabial fold. This did not progress 
but persisted for one year. Three months later a 
39 per cent eosinophilia and mild anemia were 
discovered. From January, 1945, to August, 
1945, the patient was asymptomatic. In July, 
1945, the nasolabial skin lesion was biopsied 
and diagnosed as lupus vulgaris. It was then 
treated with Grenz rays and _ subsequently 
disappeared. 

The patient returned to New York City in 
September, 1945, when the low-grade fever 
recurred and her menses became irregular and 
scanty. Now for the first time parenchymal 
pulmonary lesions were demonstrated by x-ray. 
These were described as “‘soft areas located in 
the mid-lung fields and at the right base’? with 
disappearance within two weeks. 

Early in December, 1945, the patient’s fever 
rose to daily peaks of 103°-105°F., associated 
with chills, sweats, substernal discomfort, lassi- 
tude and weakness, with a 12 pound weight loss 
in a month. Four weeks later dyspnea, cyanosis 
and a paroxysmal cough supervened. There was 
no orthopnea or edema. During the last four of 
these six weeks of severe illness the patient was 
under treatment at another hospital in New 
York. Positive findings on physical examination 
included rales at the right lung base and en- 
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largement of the spleen to 3 cm. below the 
costal margin. Further work-up revealed anemia, 
eosinophilia, hyperglobulinemia and pulmonary 
infiltrations. Trichinella precipitin test was 
positive 1:1200. Attempts to identify an etio- 
logic agent in blood, sputum and feces, as well 
as by means of serologic and skin tests were 
unsuccessful. At various times during the two- 
year illness the patient received courses of 
quinine, sulfonamides, penicillin, gold and 
aspirin without effect. She was transferred to 
Presbyterian Hospital on January 19, 1946. 

On admission, physical examination revealed 
an acutely and chronically ill thirty year old 
female who was feverish, cyanotic, dyspneic 
and orthopneic. Her temperature was 105°F., 
heart rate 130 per minute, respiratory rate 35 per 
minute and blood pressure 105/60 mm. of mer- 
cury. There were no skin eruptions and the lesion 
earlier described in the right nasolabial fold 
could barely be detected. The eyes, ears, nose, 
throat and neck were normal except for the 
ocular fundi in which there were bilateral 
striated hemorrhages. The right fundus showed 
in addition perivascular sheathing and two 
large areas of exudate. Bilateral small, firm, 
tender axillary and epitrochlear nodes were 
present. The spine, thorax and breasts were 
normal. The right lung base was flat to percus- 
sion with absent breath and voice sounds, 
superior to which could be heard scattered rales 
and bronchi. The heart was enlarged, with a 
sinus tachycardia and an apical gallop rhythm 
present, but no murmurs were heard. The liver 
was at the right costal margin and a firm tender 
spleen was palpated 5 cm. below the left costal 
margin. Pelvic and rectal examinations were 
normal, except for a small, tender, retroverted 
uterus; no vaginal discharge was present. The 
nervous system and extremities showed no 
abnormalities. 

On several blood counts the hemoglobin 
ranged from 10.2 to 11.0 gm., red blood cells 
from 3.52 to 4.25 million, white cells from 
6,750 to 12,700, neutrophils 35 to 42 per cent, 
and eosinophils from 35 to 41 per cent. Pre- 
terminally the neutrophils rose to between 60 
to 90 per cent, the eosinophils fell to between 
2 and 16 per cent, with the appearance of 2 to 
10 per cent myelocytes and 1 to 3 per cent 
myeloblasts. The sedimentation rate (Wester- 
gren) was 72 mm. in one hour. Urinalysis 
revealed a specific gravity of 1.020 with 1 to 2 
plus albuminuria, occasional white cells and 
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Fic. 1. Biopsy specimen of the papular lesion of the right 
nasolabial fold, taken in July, 1945, which demon- 
strates the doubly refractile spherule of Coccidioides 


immitis at the center of a subcutaneous granulomatous 
lesion. 


* 


on one examination a few red blood cells. The 
stool guaiac test was negative. Chemical deter- 
minations upon the blood serum gave the 
following results: albumin 4.0 gm. per cent, 
globulin 3.4 gm. per cent, euglobulin 0.6 gm. 
per cent, urea nitrogen 7 mg. per cent, a faint 
trace of bilirubin, alkaline phosphatase 12.5 
Bodansky units, and cholesterol 196 mg. per 
cent. The cephalin-cholesterol flocculation test 
was negative. Electrocardiograms showed only 
sinus tachycardia, later digitalis effect. X-ray 
film of the chest revealed a normal heart 
shadow, calcifications in the hilar regions, a 
right hydrothorax and streaky linear shadows 
in the right, upper lung field. Similar shadows 
were observed in the right, lower lung field 
following thoracentesis. No lesions were noted 
in complete skeletal x-rays. A barium enema 
revealed a normal colon and terminal ileum 
but showed the liver at the level of the right 
iliac crest and the spleen 4 cm. above the left 
iliac crest. Six hundred ml. of brownish yellow, 
semi-opaque pleural fluid with a specific gravity 
of 1.017 were removed by thoracentesis. The 
fluid contained 3,300 red blood cells and 242 
white cells with 15 per cent neutrophils, 32 per 


cent eosinophils and 53 per cent lymphocytes 
per ml. Cell block of this fluid revealed no tumor 
cells or organisms. Bacterial smears and cultures 
of the nose, throat, sputum and pleural fluid 
were negative for pathogens. Guinea pigs in- 
oculated with sputum and pleural fluid de- 
veloped no gross or microscopic lesions. No ova, 
parasites or pathogenic bacteria were found in 
the stools and no plasmodia were seen in blood 
smears. Skin tests with a 1:500 dilution of 
tuberculin, and trichinella antigen were nega- 
tive, as were serum agglutination tests with 
Brucella abortus and melitensis, B. typhosus 
and B. paratyphosus A, B and C. 

In view of the clinical picture and the pa- 
tient’s four years’ residence in endemic areas of 
coccidioidomycotic infection, an intensive effort 
was made to demonstrate this fungus. Coc- 
cidioides immitis was isolated by Dr. R. W. 
Benham from blood cultures taken on January 
20th and February 1st and 3rd. No organisms 
could be cultured from sputum or pleural fluid. 
Two coccidioidin skin tests in dilution of 1:100 
were negative. The serum precipitin test was 
negative and the complement-fixation test was 
positive in a dilution of 1:32. Dr. C. E. Smith 
of Stanford University, who kindly performed 
the serologic tests, interpreted them as diag- 
nostic of disseminated coccidioidomycosis.”® 
The microscopic slide of the nasolabial skin 
biopsy taken six months previously was ob- 
tained at this time and C. immitis could be 
demonstrated at the center of the granulomatous 
lesions. (Fig. 1.) Not until some time later could 
the slides containing the uterine curettings of 
1943 be obtained. When examined they, too, 
revealed C. immitis within the giant cells of the 
granulomatous lesions of the endometrium. 
(Fig. 2.) 

Isolation of C. immitis from the patient’s 
blood stream confirmed the diagnosis of dis- 
seminated coccidioidomycosis. This was amply 
supported by identification of the organisms 
within the lesions of the skin and endometrium 
and by the serologic tests. The negative coc- 
cidioidin skin tests were interpreted as due to 
overwhelming infection. 

The course of the patient following admission 
was progressively downhill. Her temperature 
rose daily to between 103.6° to 106°F., her heart 
rate ranged from 92 to 172, averaging 140, and 
her respiratory rate varied from 30 to 60. 
Dyspnea and cyanosis were marked and un- 
relieved by oxygen, bronchodilators and digital- 
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ization. The patient developed alternating 
abdominal distention and diarrhea, deep pains 
in the left radius and both w. ists, and peripheral 
edema appeared terminally. Five blood trans- 
fusions, each of 500 ml., were administered. 
Following the first two, generalized urticaria 
and facial edema appeared. To alleviate this 
and to prevent further reactions pyribenzamine 
was used with good results. Coincident with this 
medication the eosinophilia decreased nearly 
ten-fold, with the absolute eosinophil count fall- 
ing from, 4,400 to 470. 

The organisms isolated from the patient were 
tested in vitro by Dr. Beatrice C. Seegal against 
several antibiotics. The fungus grew well in 
media with added sulfadiazine, penicillin or 
streptomycin, but was inhibited by 5 mcg. per 
ml. of protoanemonin (a dilution of 1:250,000). 
Complete inhibition was obtained in a 1: 125,000 
dilution. Protoanemonin, C;H,4Os, is an anti- 
biotic which is extracted from some species of 
the plant Ranunculaceae and has been found 
to possess in vitro activity against several fungi 
and bacteria.?®?7.?8 Furthermore, the patient’s 
serum did not inactivate the coccidioidostatic 
activity of protoanemonin in vitro. 


Protoanemonin 


Because of the terminal nature of the patient’s 
condition and the lack of any known coccidio- 
idocidal agent, it was decided to administer 
protoanemonin in view of its effect on the 
patient’s organisms as demonstrated in vitro. 
The initial daily dose was to be as large as had 
previously been given to humans, with increase 
gradually to the point of tolerance. Proto- 
anemonin dissolved either in 5 per cent glucose 
and water or in physiologic saline was given 
intravenously during the last six days of life. 
The respective daily doses were 135, 250, 500, 
750, 1,000 and 1,150 mg. for a total of 3,785 
mg. No beneficial effect of the drug was noted, 
either with regard to sterilizing the blood stream 
(as blood cultures taken on the fourth and sixth 
day of treatment grew out C. immitis) or with 
regard to the symptoms and signs. No signs 
definitely due to drug toxicity were observed; 
however, the hyperpyrexia, associated with 
frequent episodes of delirium and coma ter- 
minally precluded adequate appraisal of symp- 
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Fic. 2. Endometrial curetting, two months postpartum, 
taken on September 17, 1943, and revealing the doubly 
refractile spherule of Coccidioides immitis centrally 
placed in a granulomatous lesion of the endometrium. 


toms. The patient died February 3, 1946, the 
sixteenth day after admission. Permission for 
postmortem examination was refused. 


COMMENTS 


The case reported above is unusual in 
several respects. The history of this patient, 
supported by the endometrial biopsy, sug- 
gests that the disease may have began in the 
uterus during the puerperium. Previous 
pulmonary infection in her case is not likely 
in the absence of respiratory symptoms and 
in the presence of a normal chest x-ray at 
the time of the positive curettings. It seems 
improbable that normal conception, gesta- 
tion and delivery would have been accom- 
plished in the presence of coccidioidal 
endometritis. It is therefore conceivable 
that a primary coccidioidal endometrial 
infection may have occurred in this post- 
partum patient. There is no other example 
of this in the literature. However, two cases 
of widespread, symptomatic coccidioido- 
mycosis of the internal female genital organs 
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have been reported. The first case, reported 
by Jacobson in 192974 which showed simul- 
taneous pulmonary abnormalities by x-ray 
film, was apparently cured after a right 
oophorectomy and bilateral salpingectomy. 
The second case, interpreted as disseminated 
coccidioidomycosis, was also apparently 
successfully treated by a subtotal hysterec- 
tomy, left oophorectomy and _ bilateral 
salpingectomy.”° Both of these cases drained 
purulent material containing C. immitis for 
a short time postoperatively. These cases 
probably represent hematogenous involve- 
ment of the Fallopian tubes with secondary 
tubo-ovarian abscess and endometritis as 
demonstrated by the microscopic findings. 
The involvement in these cases does not 
resemble that of the patient described 
herein as her infection was asymptomatic 
(the curettage was performed because of 
failure of uterine involution after two 
months); her gynecologic infection was 
probably limited to the endometrium and 
was apparently cured by a simple dilatation 
and curettage, following which regular 
menses reappeared. Four maternal deaths 
from disseminated coccidioidomycosis ap- 
pearing during pregnancy have been re- 
ported recently,*® with no indication that 
the primary focus was uterine. 

The performance of the curettage may 
have induced dissemination which appeared 
clinically three months later when her two- 
year febrile illness began. The main objec- 
tion to the suggestion of primary uterine 
infection in this case is that a pulmonary 
lesion may have existed in a quiescent state 
prior to the puerperium. However, this 
would presuppose endometrial involvement 
by hematogenous dissemination, which is 
unlikely here in the absence of salpingitis. 

Protoanemonin was exhibited in this case 
because of the zn vitro effectiveness against 
this patient’s strain of C. immitis and be- 
cause no other proven therapeutic agent is 
known. Occasional favorable reports***! 
appear in the literature concerning the use 
of a vaccine prepared from a ball-mill grind 
of the fungus. Whether the in vitro coc- 
cidioidostatic activity of protoanemonin 
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may be translated into zn vivo usefulness can- 
not be determined from this case. The drug 
was used in a terminal and fulminating 
phase of disease but, none the less, blood 
taken after the last dose on the day of death 
grew out C. immitis. Furthermore it is not 
known whether the drug will act at all in 
vivo and, if it does, what concentration is 
required in body fluids containing the 
fungus.*°?"?5 Very small dosage was used 
in this case initially and was increased 
rather cautiously. All attempts to measure 
the concentrations of protoanemonin in the 
blood and urine of this patient were unsuc- 
cessful. However, it is suggested that the 
drug receive additional trial under more 
favorable conditions. 


SUMMARY 


A young white woman, while in an 
endemic area for C. immitis, conceived and 
delivered a normal baby who has remained 
healthy. T'wo months later a granulomatous 
but asymptomatic coccidioidal endometritis 
was discovered without a preceding history 
of respiratory infection or cutaneous lesion, 
at which time x-ray examination of the 
chest was normal. Three months later 
symptoms of generalized disease developed. 
Pulmonary lesions did not appear until 
nearly two years after the establishment of 
uterine infection. During this time repeated 
coccidioidin skin tests were negative, but a 
facial cutaneous coccidioidal granuloma 
appeared, followed by marked eosinophilia. 
Two and one-half years from its onset the 
disease became fulminating and terminated 
in death despite the use of protoanemonin 
which in vitro prevented the growth of the 
fungus isolated from the patient’s blood. It 
is suggested that the uterus may have been 
the portal of entry of infection in this 
patient. 
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Chronic. Hemolytic Anemia with Paroxysmal 


Nocturnal Hemoglobinuria’ 
(Marchiafava-Micheli Syndrome) 


N. Henry Simpson, JR., M.D. and Exxtis C. OLDHAM, M.S. 


Little Rock, Arkansas 


HRONIC hemolytic anemia with par- 
oxysmal nocturnal hemoglobinuria 
was first differentiated from other 

hemolytic anemias by Marchiafava and 
Nazari!’ in 1911. These observers reported 
three cases of hemolytic anemia and atten- 
tion was directed to the ‘‘perpetual’’ hemo- 
siderinuria in one of their cases. At autopsy 
an unusual distribution of iron pigment was 
found in this case. Fifty-two cases have been 
reported in the available literature. The 
consensus expressed in the literature is that 
splenectomy is unsuccessful in treatment of 
this condition. However, Dacie, Israels and 
Wilkinson*® reported a case which appar- 
ently was benefited by splenectomy. It is 
the purpose of this paper to present a brief 
review of the literature, present a case giv- 
ing the results of splenectomy and a few 
experimental observations. 


CLINICAL DESCRIPTION 


A salient feature of the disease is an 
anemia that is due to intravascular hemoly- 
sis.* The hemolysis is a continuous process, 
not associated with physical exertion or 
temperature change but is accelerated dur- 
ing sleep.?’ Remissions and exacerbations 
of anemia occur and are manifested by 
varying severity of hemolysis. Another 
striking feature noted during exacerbation 
is the red-black urine of the first morning 
specimen. The hemoglobinuria may be 
seen in only one morning specimen or it 
may persist. It usually clears as the day 
progresses. Chills, fever and malaise some- 
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time accompany the hemolytic paroxysms.'° 
Regardless of the hemoglobinuria a_per- 
sistent hemosiderinuria can readily be 
detected in the sediment.'® 

The onset may be gradual or abrupt. 
The disease usually occurs in the third or 
fourth decades although younger and older 
age groups have been reported.'*?! If the 
onset is gradual, symptoms of anemia are 
experienced before gross hemoglobinuria 
ensues. No sex predilection or hereditary 
tendencies have been reported.”! 

Physical findings include pallor of the 
skin and mucous membranes and a mild 
icterus. A slight to moderate enlargement 
of the liver and spleen frequently occurs. 

Laboratory studies reveal an average 
anemia of 2 to 4 million erythrocytes with 
free hemoglobin values above 5 mg. per 
cent in the plasma or serum.t The plasma 
bilirubin is increased especially after bouts 
of excessive hemolysis.2° A reticulocytosis 
as high as 40 per cent is present. The bone 
marrow shows increased erythropoietic ac- 
tivity. The erythrocyte fragility is normal 
and the Donath-Landsteiner test is negative. 
As first observed by Van den Bergh?® and 
later investigated by Ham,* an increased 
susceptibility of erythrocytes to hemolysis is 
observed in an acid medium. When the 
patient’s erythrocytes are added in vitro to 
acidified normal or patient serum, marked 
hemolysis results. ‘The serum is acidified by 
adding sufficient amounts of mineral acids 


+t May be quantitated by the method of Bing and 
Baker. 


* From the Department of Internal Medicine, Veterans Administration Hospital, Des Moines, Iowa. 
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or equilibration with carbon dioxide to 
adjust the pH to 6.8 or 7.0. Usually a leuko- 
penia of 2,000 to 4,000 showing a relative 
lymphocytosis is present. In Pierce and 
Aldrich’s report of the disease in a child a 
higher count was recorded.'® A thrombo- 
cytopenia of 100,000 to 150,000 with con- 
comitant hemorrhagic tendencies has been 
observed in some cases. 

The hemoglobinuria can be demonstrated 
spectroscopically or by means of the benzi- 
dine test on a centrifuged specimen. The 
urine sediment shows hemosiderin within 
the desquamated epithelial cells. This can 
be elicited by the addition of potassium 
ferricyanide to the sediment and observing 
it microscopically for blue particles within 
the epithelial cells. 

Differential Diagnoses. Among the diag- 
noses to be considered are paroxysmal cold 
hemoglobinuria, favism, march hemoglo- 
binuria, black water fever, congenital hemo- 
lytic icterus and toxic hemoglobinuria. In 
paroxysmal cold hemoglobinuria a correla- 
tion of chilling and hemoglobinuria is 
frequently obtained in the history. The 
serologic test for syphilis is usually positive 
and cold hemolysins can be demonstrated 
in the blood. Favism, common in Sicily, 
Sardinia and other parts of Italy, is caused 
by ingestion of fava beans (Vicia fava) or 
inhalation of its pollen. The disease has been 
reported in the United States.'*? March 
hemoglobinuria’ occurs primarily in young, 
healthy adults and is precipitated by walk- 
ing or running but is rarely severe enough 
to cause anemia. Black water fever is asso- 
ciated with chronic malaria of the fal- 
ciparum or vivax type usually while the 
patient is undergoing antimalarial therapy.° 
A familial history of anemia may be ob- 
tained in congenital hemolytic icterus. 
Splenomegaly, spheroidocytosis and _in- 
creased fragility are characteristic. The 
toxic hemoglobinemias'* must be con- 
sidered. In such cases there is usually a 


history of ingestion or exposure to toxic. 


agents. Arsine poisoning, however, may be 
contracted from obscure sources, namely, 
chemical laboratories, submarines and in- 
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dustries ‘‘pickling’’ steel in acid.!® The 
hemolytic effect of Clostridium welchii in- 
fection is well known. 

Anatomic Findings. ‘The morbid anatomy 
has been summarized by Scott et al.?! The 
main features are: (a) venous thrombosis in 
the systemic and portal circulation; (b) 
hepatomegaly with central zonal necrosis; 
(c) moderate splenomegaly with little histo- 
logical deviation from normal; (d) enlarged 
“‘snuff-brown” kidneys showing cloudy swell- 
ing; (e) hemosiderosis in the renal con- 
voluted tubules and ascending loops of 
Henle. There are only traces of iron in other 
organs; (f) marked orthoplastic erythro- 
poiesis of the bone marrow. The only 
feature constantly found is siderosis of the 
renal tubules. 

Clinico-pathologic Correlation. A decreased 
amount of iron in the liver and spleen and 
increased quantity in the kidneys is to be 
expected considering the drainage of iron 
from the usual reservoirs and its subsequent 
excretion by the kidneys. The process of 
reabsorption of the hemoglobin by the 
tubules results in siderosis of the tubular 
epithelium. Desquamation of this epithelium 
accounts for the hemosiderinuria found even 
during the remission phases. Scott et al.?" 
on the basis ot experiments in animals by 
Hjarre believe the central zonal hepatic 
necrosis is largely due to the mechanical 
effect produced by blockage of the liver 
sinusoids by agglutinated erythrocytes and 
erythrocytic stroma. Such particles are 
believed to be derived from intravascular 
hemolysis in the portal system. An analo- 
gous situation occurs in the systemic veins 
resulting in pulmonary emboli, thrombi in 
pulmonary capillaries and meningeal veins. 

Pathologic Physiology. ‘The extensive work 
of Ham and Dingle® who investigated the 
mechanism of hemolysis revealed that the 
fundamental abnormality resides in the 
erythrocytes. The abnormality has not been 
definitely defined. A serum factor present 
in the patient’s or normal serum is essential 
for the hemolysis. The factor is present in 
the complement fraction. The thermolabile 
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portion of the factor cannot be restored by 
the addition of guinea pig or other animal 
sera but a thermostabile portion destroyed 
by zymin or ammonium hydroxide is 
restored in part by the addition of guinea 
pig serum. A hemolytic antibody either 
within the erythrocyte or in the serum 
could not be elicited by the methods em- 
ployed. No increased susceptibility of eryth- 
rocytes to hemolysis in non-immunologic 
systems such as saponin or sodium tauro- 
cholate could be demonstrated. Ham and 
Dingle concluded that the hemolysis proba- 
bly is due to abnormal erythrocytes which 
are hemolyzed in the presence of human 
complement. The hemolysis varies with the 
susceptibility of the erythrocytes to lysis as 
well as with the acidity of the serum. Ham 
postulated that with an increase in the 
carbon dioxide content of the blood during 
sleep a slight decrease of blood pH results, 
hence hemolysis follows. A decreased pH 
within physiologic limits was recorded in 
Ham/’s cases. Hoffman and Kracke,!* how- 
ever, failed to note this nocturnal decrease. 

Therapy. Treatment is unsatisfactory. 
Liver and iron are of no apparent benefit. 
The administration of antacids such as 
sodium bicarbonate produces no lasting 
beneficial effect and even aggravates the 
hemolysis when given for a_ prolonged 
period.* Hemolysis is also increased follow- 
ing discontinuance of this therapy. Sym- 
pathomimetic and vagomimetic drugs, such 
as adrenalin, prostigmine, eserine sulfate 
and pilocarpine have been given.'? The 
severity of the nocturnal exacerbations was 
lessened by adrenalin but parasympathetic 
stimulants were more efficacious. The 
anemia and reticulocytosis were not appre- 
ciably altered, however, by these substances. 
The administration of adrenalin and desoxy- 
corticosterone was not effective. Blood 


transfusions given at proper intervals are 
most satisfactory even though a temporary 
increase in hemolysis may result. The hemo- 
lytic episodes are followed by periods of 
remission of hemoglobinuria and a subse- 
quent increase in the erythrocyte count. 
Dacie and Firth? observed that transfused 
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donor cells had a normal survival time and 
that the posttransfusion hemolysis is due to 
destruction of the patient’s erythrocytes. 
The intravenous administration of normal, 
stored serum instead of whole blood had no 
appreciable effect upon the hemolysis. 
Splenectomy is generally considered of no 
value*!"?° and fatal results have been 
observed. These patients tolerate surgical 
procedures poorly. 


CASE REPORT 


M. J. O’B., a thirty-six year old male, of Irish 
descent, employed as hospital attendant, was 
admitted to the Des Moines Veterans Hospital, 
October 1, 1947, complaining of weakness and 
dyspnea on exertion of six months’ duration. 
He had been in good health until March, 1947, 
when he had an upper respiratory infection 
accompanied by chills and fever lasting ten 
days. He was treated by his private physician 
with sulfonamide and sodium bicarbonate with 
an adequate fluid intake. On return to work he 
noticed weakness, easy fatigability and tachy- 
cardia on slight exertion. In August, 1947, he 
again had an upper respiratory infection accom- 
panied by chills and fever. He was hospitalized 
and received intramuscular penicillin five days 
for treatment of ‘‘impending pneumonia.” At 
this time he first noted ‘‘coffee-colored”’ urine 
in a noon specimen. The patient was told that 
he had an anemia of 2 million. He was given 
iron and parenteral liver therapy. Following 
discharge from the hospital he continued to take 
iron medication but noted paroxysms of ‘‘coffee- 
colored” urine lasting two to three days and 
occurring approximately every two or three 
weeks. His symptoms of weakness, fatigue 
and dyspnea increased and necessitated further 
hospitalization. 

Physical examination revealed a well de- 
veloped, well nourished, white male, 5 feet 
10 inches tall, weighing 200 pounds, with a 
definite pallor. The sclerae had a yellowish tinge 
and the mucous membranes were pale. The 
liver was palpable about 2 cm. below the right 
costal border but the spleen was not. A linear 
scar on the left thigh extended from the left 
anterior superior iliac spine to the medial con- 
dyle of the left femur. 

Roentgen studies revealed a normal chest 
plate; an intravenous pyelogram was made and 
colon and gastrointestinal series carried out. 
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These studies showed no abnormalities. The 
spleen could not be visualized in the left 
upper quadrant roentgenographically. A gastro- 
scopic examination was negative. Gastric analy- 
sis showed no free hydrochloric acid in the 
fasting specimen but there were 38 degrees after 
histamine. 

Precautions were taken to prevent hemolysis 
during the process of drawing and determining 
the plasma hemoglobin. All control samples 
were obtained by exactly the same process. 
Grossly, the patient’s plasma or serum was 
always pink or red-brown. The plasma hemo- 
globin usually varied from 20 to 30 mg. per cent 
but during paroxysms ranged up to 414 mg. per 
cent. The controls showed less than 5 mg. per 
cent. The serum hemoglobin was slightly higher 
than that of plasma. Spectroscopically this was 
oxyhemoglobin and methemoglobin. 

A representative erythrocyte count was 2.65 
million; hemoglobin 8.0 gm. and hematocrit 
29 cc./100 cc., giving a mean corpuscular 
volume of 109 cu. microns, mean corpuscular 
hemoglobin 30 micromicrograms and a mean 
corpuscular hemoglobin concentration of 28 per 
cent. Anisocytosis and polychromatophilia of 
moderate degree were noted on the stained 
smear. The white count most frequently ranged 
between nine and ten thousand with a differen- 
tial as follows: neutrophiles 61 per cent, 
lymphocytes 36 per cent, monocytes 1 per cent 
and eosinophiles 2 per cent. Counts higher and 
lower than the above were obtained and the 
differential occasionally showed a predominance 
of lymphocytes. The reticulocyte count varied 
up to 13.5 per cent and the thrombocyte value 
ranged between 300,000 and 400,000. An in- 
creased degree of hemolysis of the patient’s 
washed erythrocytes was obtained when these 
were suspended in acidified normal or patient’s 
serum, as advocated by Ham. Erythrocyte 
fragility test showed beginning hemolysis at 
0.48 per cent and complete hemolysis at 0.32 
per cent. The Donath-Landsteiner and Kahn 
tests were negative. Auto- and isohemolysins as 
well as auto- and isoagglutinins could not be 
demonstrated by the method of Dameshek and 
Neber.‘ Clot retraction was complete after four 
hours. The bleeding time was two minutes, 
coagulation time four minutes. The sedimenta- 
tion rate was 40 mm. in sixty minutes by 
Cutter’s method. The blood urea nitrogen was 
12.5 mg. per cent; sodium chloride was 476 mg. 
per cent; uric acid 3.2 mg. per cent; carbon 
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dioxide combining power during sleep, 44 
volumes per cent; CO: combining power in 
morning, awake, was 51 volumes per cent. Total 
serum proteins 5.6 gm. per cent. The albumin 
was 3.8 and globulin was 1.8 gm. per cent. 

A hyperplasia of erythrocytic and granulo- 
cytic elements with many blast cells and fre- 
quent mitotic figures occurred in the sternal 
marrow smears. 

The serum bilirubin varied from 0.9 to 6.0 
mg. per cent. Urine urobilinogen was 0.14 mg. 
per cent in 114 cc. urine, giving 0.66 Ehrlich 
units (when serum bilirubin was 0.9). The direct 
Van den Bergh was positive. Thymol turbidity 
was 10.5 units with a cephalin-cholesterol floccu- 
lation value of 1 plus. The intravenous brom- 
sulfalein test (5 mg./kg. body weight) showed 
62 per cent retention after five minutes and 
seven per cent after forty-five minutes. The 
oral hippuric acid test showed 3.5 gm. excreted, 
and the prothrombin time by Quick’s technic 
varied between 64 to 90 per cent of normal. 

The urine showed albumin in amounts vary- 
ing from a trace to 4 plus. The maximum 
specific gravity was 1.025. The minimum con- 
centration was 1.005. Microscopically, occa- 
sional coarsely and finely granular casts were 
present. An average of two to six leukocytes and 
occasional erythrocytes were seen in many urine 
specimens. There were instances when no 
erythrocytes were seen in a fresh specimen even 
though hemoglobin was present. During par- 
oxysms of hemolysis fractional urine specimens 
showed hemoglobin in concentrations as follow: 
First voided specimen, after arising, 990 mg. 
per cent; from 8:00 a.m. to 12:00 N., 194 mg. per 
cent; from 12:00 n. to 4:00 p.M., none; and from 
4:00 p.m. to 10:00 p.m., none. On one occasion 
the morning urine showed a hemoglobin con- 
centration of 2500 mg. per cent. After adding 
potassium ferricyanide to the urine sediment, 
blue intracellular particles could be demon- 
strated microscopically within the epithelial 
cells. This was found even during times when 
the urine was negative for hemoglobin. The 
standard urea clearance value was 92 per cent 
of normal. The intramuscular PSP test is as 
follows: After one hour, 15 per cent dye was 
excreted; after two hours a total of 30 per cent. 

The stools gave negative reactions to benzi- 
dine when the patient was on a hemoglobin-free 
diet. 

The patient was given liver and iron as sup- 
portive measures but this had no effect upon 
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the anemia. In a period of nine month’s hos- 
pitalization he received 33 pints of whole blood. 
The transfusions were usually followed by 
paroxysms of hemoglobinuria but at no time 
was there any evidence of thromboses. On 
recommendation of the hematology consultant 
and chief of surgery the patient underwent a 
splenectomy June 25, 1948. He received three 
500 cc. transfusions of whole blood on June 24, 
1948, and four on the day of surgery. Eight 
hours after surgery the patient had hemo- 
globinuria but for the remainder of the hospital 
period no further episodes occurred and the 
patient had an uncomplicated recovery from 
the operation. The blood counts were as follows: 
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of liver display a thin capsule and pale staining 
cords of liver cells. The cell boundaries are 
indistinct and there is a vacuolated or vesicular 
appearance to the cytoplasm. Many of the liver 
cells contain granules of brownish pigment. 
Sinusoids near the capsule are congested with 
erythrocytes and a mild bile duct hyperplasia is 
apparent. No areas of necrosis or neoplasia are 
seen.” 

The anatomic diagnoses were: (1) spleen, 
showing congestion; (2) accessory spleen. 

About six weeks after splenectomy the eryth- 
rocytes still showed an increased susceptibility 
to acids but no free hemoglobin was found in 
the serum. The bone marrow still revealed a 


| | | 
BNE oaevaks seis x cnn aneons | 6/24 | 6/25 | 6/26 | 6/27 | 6/28 | 6/30 | 7/3 | 7/5 | 7/6 | 7/29 | 8/12 | 9/20 

| 
| 3.78}. | 4.39) 4.94) 5.40) 5.18) 5.00) 5.00) 5.06) 4.34) 4.31) 2.10 
14.5 14. 3.5: 14.5 (14.5 (14.5 |12.5 |11.5 | 9.5 
10,500; 12,000) 16,500; 18,600) 18,900) 15,200 15,200) 9.700) 8,200) 11,200) 18,000) 12,400 
| 88 78 74 79| 71) 63 53 83 41 
Lymphocytes. 11 21 23 28 36 41 9 49 
Platelets thousands........|...... | 393; 460) 583) 510; 401; 500) 810) 550; 350)...... 370 

| 


* Disintegrated cells, 3. 


The spleen was of usual shape and contour 
and weighed 250 gm. An accessory spleen 0.8 
cm. in diameter was present. The consistency 
was soft and the surface made by section was 
smooth, glistening and protruded slightly from 
the surrounding capsule. The report on the 
microscopic section was: “Section of the spleen 
reveals an intact capsule and _ prominent 
trabecular markings. Lymphoid follicles are 
numerous and appear hyperplastic with large 
germinal center surrounded by dense collections 
of mature lymphocytes. The venous sinusoids 
are markedly congested by erythrocytes in vary- 
ing stages of hemolysis. Cellular detail of the 
white pulp is indistinct. The reticulo-endothelial 
elements of the stroma appear hyperplastic and 
phagocytes containing brown pigment in their 
cytoplasm are numerous. Many areas of recent 
hemorrhage are observed in the substance of 
the splenic tissue. Numerous small arterioles 
with thickened walls are also apparent.” 

Liver biopsy revealed no focal lesions. The 
microscopic report was as follows: ‘““The sections 


hyperplasia of all elements. The reticulocyte 
count was 0.6 per cent. The serum bilirubin 
was 0.7 mg. per cent; the urine urobilinogen 
was ().20 mg. in 186 cc., and the thymol turbidity 
was 7 units. There was no hemosiderin or 
hemoglobin in the urine. A_ postoperative 
phenolsulfonphthalein test showed 93 per cent 
excretion after two hours. The non-protein 
nitrogen was 32 mg. per cent. Subjectively the 
patient felt much stronger, had a return of 
libido and experienced no dyspnea. He was 
given a leave of absence but reported briefly for 
check-up on September 20, 1948, stating that 
he had noticed two paroxysms of hemoglo- 
binuria about ten weeks after operation but 
subjectively had no symptoms of anemia. 
Physical examination at his return revealed 
pale mucous membranes and an icteric tint of 
the skin. The splenectomy incision was well 
healed and the liver was just palpable. His 
count at the time of the check-up was as indi- 
cated on September 20, 1948. The acid he- 
molysis test was positive. Free hemoglobin 
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Fic. 1. A and B, electrophoretic diagram of erythrocyte hemolysate from the case of paroxysmal nocturnal 
hemoglobinuria presented. c, electrophoretic diagram of plasma from case presented. 


(oxyhemoglobin and methemoglobin) was dem- 
onstrated in the serum. A large amount of 
hemosiderin was found in the urine. He was 
given transfusions and discharged. 

Since then he has returned to the hospital 
with symptoms of anemia. Treatment has con- 
sisted of multiple transfusions. Liver and kidney 
function tests have shown progressive impair- 
ment. During his most recent hospitalization 
he was given pilocarpine 3 mg. subcutaneously 
twice daily at 3:00 a.m. and 3:00 p.m. for seven 
days. While receiving pilocarpine the urine 
showed a trace of hemoglobin on one occasion. 
The severity of anemia was not considered to 
be significantly altered by this therapy. 


EXPERIMENTAL 


Considering the possibility that an eryth- 
rocyte-sensitizing substance might be pres- 
ent in the patient’s spleen, similar to the 
suggested thrombocytolytic agent “throm- 
the following investiga- 
tion was made. The spleen as received from 
surgery was promptly sectioned and frozen 
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in dry ice. Two 20 gm. portions were 
ground in a Waring blendor with 30 cc. 
normal saline and extracted twenty-four 
hours with occasional shaking in the re- 
frigerator. About 15 cc. of extract were 
filtered under suction, divided into 1 cc. 
portions and immediately frozen and stored 
at —5°c. A duplicate control extract was 
prepared from an autopsy spleen. 

Daily 1 ml. intravenous injections of the 
extracts were made into the marginal ear 
vein of three 2-kg. rabbits over a period of 
eleven days. Two of the rabbits were in- 
jected with extracts from the patient’s spleen 
and the remaining rabbit was injected with 
the extract from the autopsy spleen. Com- 
plete blood counts taken on the rabbits 
injected with patient’s spleen extract before 
and immediately following the injections 
showed no significant change. Likewise, 
acid hemolysis tests on the rabbit erythro- 
cytes before and after injection showed no 
increase in sensitivity to serum acidified 


Sig 
j 
‘ 
PALS 
: 
a 
2 
prac 
3 
tay 
Alb 
Cc 
J 
5 
Wire 
& 
A 


420 Marchiafava-Micheli Syndrome—Simpson, Oldham 


with hydrochloric acid. The blood from the 
rabbit injected with the control spleen 
extract showed no changes. 

Electrophoretic patterns (Fig. 14 to c) 
were made on the patient’s hemolyzed 
erythrocytes and plasma. The object of this 


ERYTHROCYTE HEMOLYSATE 


| Mobilities Relative 
| (X 10-5 cm.? per Per cent 
| volt per sec.) Composition 
| a Pro- | Hemo- | a Pro- | Hemo- 
| tein?s globin tein globin 
Patient’s |Ascending | 6.89 | 2.67 | 3.2 | 96.8 
erythrocytes | 
Descending * 2.62 ss * 
Normal | Ascending 5.69 1.89 5.3 94.7 
erythrocytes | Descending | 6.02 1.68 4.6 95.4 


PLASMA 
Patient’s plasma | Albumin| a@ Bi Be 
| 
Mobilities X 1075 6.1 | 4.6 | 3.9] 
Relative per cent composi- | | | 
tion | 51.5 4.9 5.2 | 6.4 | 5.3 | 26.7 
Normal plasma 
mobilities X 1075 | 6.0 13.9 13.4 (23 1.6 
Relative per cent composi- 
J 


* Not determined. 


experiment was to demonstrate if possible 
an abnormal red blood cell pattern.* The 
packed red cells were washed repeatedly 
and hemolyzed by the dry _ ice-acetone 
freezing method used by Stern, Reiner and 
Silber.?” The sample for electrophoresis was 
prepared by dilution with nine volumes of 
a phosphate-NaCl buffer before dialysis. 
The phosphate buffer had a pH of 7.56. 
Sodium chloride was added to bring the 
ionic strength to 0.18. Electrophoresis was 
accomplished in a modified Klett apparatus 
at 140 volts and 40 milliamperes. Durations 
of run were 14,800 seconds to 16,500 seconds. 
A twelve-hour period of standing was 
allowed in some instances after completion 
of run before photographing the patterns. 
This was to allow for diffusion to reduce 


* Acknowledgement is made for the kind assistance 
of Dr. J. F. Foster, Dept. of Chemistry, Iowa State 
College, in making these electrophoretic runs possible. 


the height of the peaks. Measurements of 
the relative component concentrations were 
made by planimetry. The data obtained 
are given in the preceding table. 

It is noted that there was a relative in- 
crease in the patient’s plasma globulin, this 
being principally in the gamma fraction. 
Otherwise the plasma patterns from the 
patient and from a normal individual ap- 
peared the same. In the phosphate-NaCl 
buffer system used there appeared to be a 
separation of the 8 globulin into two com- 
ponents which are designated as 6; and Bz. 

In view of the considerable difficulty 
experienced in obtaining satisfactory pat- 
terns of the deeply colored red cell he- 
molysate, the slight variation between our 
normal and patient’s patterns was not con- 
sidered significant. The patterns did not 
appear different from those of Stern and 
co-workers. It has been suggested that 
variation in proteins absorbed on_ the 
erythrocytes could account for some differ- 
ence in the pattern obtained.’ 


SUMMARY AND CONCLUSIONS 


1. Detailed clinical and laboratory studies 
are reported in a case of chronic hemo- 
lytic anemia with paroxysmal nocturnal 
hemoglobinuria. 

2. The clinical findings conformed in 
general to those previously described in 
available literature. The condition is mani- 
fested by chronic anemia due to intra- 
vascular hemolysis occurring at an increased 
rate during sleep. Physical examination 
showed icterus and mild enlargement of 
the liver but the spleen was not palpable. 

3. A hyperchromic normocytic anemia 
was present and the plasma hemoglobin 
was consistently elevated. Hemosiderinuria 
and paroxysms of morning hemoglobinuria 
were noted. The acid hemolysis test of Ham 
was positive. Liver and kidney function 
tests showed impairment. 

4. The patient underwent splenectomy 
but the transient benefit derived therefrom 
may best be attributed to multiple trans- 
fusions received immediately prior to and 
during surgery. 
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5. Attempts to produce anemia and 
increased acid hemolysis of erythrocytes in 
rabbits by zn vivo injections of saline extract 
from the patient’s spleen were unsuccessful. 

6. The electrophoresis patterns of the 
patient’s plasma and hemolyzed erythro- 
cytes are herein shown. Other than a slight 
increase in gamma globulin concentration 
there is no deviation from normal in the 
patient’s plasma. The patterns obtained 
from electrophoresis studies on normal and 
patient’s erythrocytes were not identical, 
although the small variations from normal 
are probably attributable to adsorbed 
plasma proteins on the patient’s erythro- 
cytes and difficulties in working with a 
highly colored solution. 


The authors wish to express their apprecia- 
tion to Drs. Daniel J. Glomset, Chief of Medical 
Service, K. R. Cross, Chief of Department of 
Pathology, and Louis T. Palumbo, Chief of 
Surgical Service, Veterans Administration Hos- 
pital, Des Moines, Iowa, for their cooperation 
and constructive criticism in the preparation of 
this paper. 
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Shigella Alkalescens as a Cause of Pyelocystitis 
with Bacteremia 


GEORGE C. SUTTON, M.D. and ARTHUR BERNSTEIN, M.D. 


Chicago, Illinois 


HE organism now known as Shigella 

alkalescens was first isolated by 

Andrewes' in 1918. Ee recovered 
the bacillus from the stools of patients con- 
valescent from dysentery and did not con- 
sider it to be pathogenic for human beings. 
It was classified as an atypical dysentery 
bacillus resembling the Flexner type and 
was named because it gave a characteristic, 
strongly alkaline reaction in litmus milk. 
He observed ‘*‘No case has bcen met with 
in which it (Shigella alkalescens) has been 
agglutinated by the serum of the patient 
from whom it has been isolated.” 

Since Foerster’s observation in 1918? of 
pyelitis caused by the Flexner bacillus it has 
become recognized that shigella of both the 
Flexner and Hiss-Russel Y type are rather 
frequent causes of pyelocystitis.* However, 
proof that S. alkalescens is truly pathogenic 
for human beings has been only recently 
established. A review of the literature to 
date reveals but twenty-three reported in- 
stances of recovery of S. alkalescens from 
the urine of individuals with clinical signs 
of pyelocystitis. (Table 1.) In only four of 
these cases has S. alkalescens been recovered 
from both the urine and blood. 

In 1928 Smith and Fraser’ reported the 
first occurrence of S. alkalescens bactcrcmia 
in a woman four days after an uncompli- 
cated delivery; blood, urine, feces and 
uterine swabs all contained the organism. 
Her clinical course was chronic and she 
remained febrile for a month under non- 
specific therapy. In the patient’s serum 
agglutinins for the blood strain developed 
in a dilution of 1:120 and for the urinary 
strain in a dilution of 1:480. 

The second case was reported by Mac- 


Kenzie and Ratner.* This patient was a 
thirty-one year old woman with signs of 
right pyelitis. S. alkalescens was isolated 
from the urine, stool and blood. She was 
treated symptomatically and had a slow 
clinical response. No agglutination studies 
were made other than the Widal, which 
was negative. 

Starkey’ presented the case of a thirty-one 
year old woman who had a history of 
diarrhea and constipation a year previously. 
Acute pyelocystitis developed, with a pure 
culture of S. alkalescens in her urine and 
blood only. No agglutination reaction de- 
veloped throughout the illness. However, 
the systemic reaction was demonstrated by 
precipitin and complement fixation tests. 
Slow improvement was achieved by treat- 
ment with urotropin. 

In 1948 Cardon and Felsenfeld'® pub- 
lished a case report of a twenty-two year old 
nurse with dysentery and pyelocystitis. S. 
alkalescens was identified in the blood and 
urine. The serum of the patient agglutinated 
the S. alkalescens strain isolated from the 
patient in a dilution of 1:320. Recovery 
was made rapid by treatment with sulfa- 
diazine, and the organism was inhibited by 
2 mg. per 100 cc. sulfadiazine in vitro. To 
these cases of S. alkalescens pyelocystitis 
with bacteremia is added one observed at 
the Cook County Hospital. 


CASE REPORT 


A nineteen year old married colored woman, 
a power machine operator, was admitted to the 
hospital on March 17, 1948, with a history of 
an aching pain in her right back for four days. 
The pain had increased in intensity and was 
accompanied with moderately increased fre- 
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quency of urination. She vomited once and felt 
feverish twenty-four hours before admission. 
Physical examination revealed a well nour- 
ished young Negro woman who was toxic with 
a fever of 104°F., pulse, 120, regular rhythm and 
a respiratory rate, 28. Physical signs were 
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diagnosis of acute right pyelitis with cystitis was 
made and the patient was given sulfadiazine, 
4 gm. initially and 1 gm. every four hours. Eight 
hours later her white blood cell count was 12,150 
with 80 per cent polymorphonuclear cells, her 
red cell count 4,000,000 and hemoglobin of 68 


TABLE I 
Organism Present In: 
Year Authors Sex Serum Agglutination Titer | Treatment and Response 
Stool | Urine | Blood 
1928 | Smith and Fraser® F + + + | Blood strain 1:120 Not stated 
Urine strain 1:480 
1929 | Weil, A. J.® F _ ot Not stated Not stated 
1931 | Popoff and Spanswick? F + + 0 1:640 Therapeutic abortion with 
good response 
1934 | MacKenzie and Ratner®| F + + + | Negative Widal Symptomatic, poor 
No agglutinins response 
1934 | Starkey® F 0 + + | Positive precipitin and Urotropin, poor response 
complement fixation tests 
1934 | Murray and Pike?® - 0 + 0 |1:640 Not stated 
1936 | Snyder, M. and Hanner, 
ae F + + 0 | No agglutinins Urotropin, poor response 
1938 | Neter, E.1? Case 1} F 0 + 0 | No agglutinins Prontylin, rapid response 
Case 2} F 0 + 0 1:500 Mandelic acid, good re- 
sponse 
1938 | Neter and Rappole?!* 
Case 1] F 0 + 0 Agglutinins to unstated | Not stated 
titer 
Case 2| F 0 + 0 |Agglutinins to unstated | Not stated 
titer 
Case 3} F 0 + 0 | No agglutinins Not stated 
1938 | Wooley, P. V. and Sweet, 
M.'4 Case 1| F + + 0 | Not stated Ketogenic diet, responded 
Case 2| F 0 + 0 | Not stated Methenamine, responded 
Case 3| F + + O |1:1280 Symptomatic, responded 
Case 4| F 0 + 0 | No agglutinins Methenamine and NH,Cl, 
slow response 
1938 | Nabarro, D. and 
Edward, D.1* _ + + 0 | No agglutinins Not stated 
1943 | Welch and Mickle'® 
4 cases| — 0 + C Not stated Not stated 
1943 | Roux, P.!7 _ + + 0 Not stated Not stated 
1948 | Cardon, L. and Felsen- 
feld, O.'8 F 0 + + |1:320 Sulfadiazine, rapid response 


entirely negative except for definite tenderness 
on palpation over the right kidney area. There 
was marked pain on percussion over the right 
costovertebral angle. A white, creamy, cervical 
discharge was noted and a Gram’s stain of it 
showed many extracellular gram-negative cocci. 

Admission urinalysis revealed many clumped 
white blood cells and a positive test for albumin. 
Urine and blood culture taken at that time 
produced a pure culture of S. alkalescens. A 
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per cent. The non-protein nitrogen was 32 mg. 
per cent, the total protein 7.4 gm. per cent and 
the Kahn test was negative. A flat plate of the 
abdomen revealed no pathologic disorder. The 
fever dropped rapidly and on the fifth day of 
therapy (March 22, 1948) the patient became 
afebrile and well and has remained so. 

On the seventh hospital day both urine and 
blood cultures were sterile. The stool cultures 
contained no enteric pathogens. Four subse- 
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quent stool, urine and blood cultures showed 
similar results. 

Tests of the patient’s serum were carried out 
as follows: There was no agglutination with 
typhoid and “O,” paratyphoid and 
‘“‘B” and Brucella antigens. However, on the 
fifteenth day of illness (March 28, 1948) the 
serum agglutinated the organism isolated from 
the patient’s urine to a dilution of 1:1,280. On 
the twenty-fifth day of illness (April 7th) the 
agglutination titer for that organism was 1 : 640. 
By the thirty-ninth day of illness (April 21st) the 
serum agglutinated the urinary strain in a 
dilution of only 1:320; there was no agglutina- 
tion of the organism isolated from the blood. 


COMMENTS 


The study of this case lends additional 
evidence that S. alkalescens is pathogenic 
for human beings. Review of the literature 
reveals that it is occasionally the cause of 
pyelocystitis and rarely the cause of bac- 
teremia. Development of serum agglutinins 
of high titer during the acute phase of this 
case and their subsequent rapid decline is 
further evidence of the pathogenicity of 
this organism. In one other case* in which 
serum agglutinins were not demonstrable, 
precipitins and complement fixation reac- 
tions were detected. 

It is worth while to note that Neter’? in 
1938 described a rapid recovery with the 
use of prontylin. A drug of the sulfonamide 
group was not used again until 1948 by 
Cardon and Felsenfeld.'* All other cases 
were treated either symptomatically or with 
the commonly used urinary tract medica- 
tions. Although no mortality has been re- 
ported, the morbidity has been decreased 
by the use of sulfonamides. 


SUMMARY 


1. All reported cases of urinary tract 
infection due to Shigella alkalescens have 
been summarized. Four cases of pyelo- 
cystitis with bacteremia have been analysed 
and an additional case reported. 

4. There is a prompt therapeutic response 
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to administration of drugs of the sulfona- 
mide group. 


Acknowledgment: We are indebted to Dr. Oscar 
Felsenfeld, M.p., head of the Department of 
Bacteriology, Cook County Hospital, for the 
bacteriologic and serologic studies. 
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PREVENTION 
“AND 
REVERSAL 
OF FATTY 
INFILTRATION 


PATIENT... Middle aged REGIMEN...High RESULTS... At the end of 
female, with history and findings protein, high carbo- four weeks’ treatment, a second 
; suggesting cirrhosis: loss of appe- hydrate, moderate fat, biopsy was taken, revealing an 
: tite, nausea, vomiting, vague _ reinforced with vitamin entire disappearance of the fatty 
| a gastrointestinal complaints, en- therapy and the lipo- changes. All signs and symptoms 
¥ larged liver. Liver biopsy showed tropic agent, Choline of hepatic failure had disappeared. 

| extensive fatty changes without (Flint). Patient re- 

fibrosis, indicating that the condi- mained ambulatory, 

tion would be still amenable to except for short period 

treatment. of hospitalization re- 

quired for biopsy. 


a REMARKS. ... A successful end-result depends on early treat- 
ment of fatty infiltration during the prefibrotic stage—diagnosis at 
this time is governed largely by clinical signs and symptoms. 


PALATABLE ‘'SYRUP CHOLINE (FLINT)’’ 
—one gram of choline dihydrogen citrate in each 4 cc. 
Pint and gallon bottles. 


Choline (Flint) presents 
Choline Dihydrogen 
Citrate in two 
convenient 
dosage 

forms: 


CONVENIENT “CAPSULES CHOLINE (FLINT)” 
—0.5 gram of choline dihydrogen citrate per capsule. 
Bottles of 100, 500 and 1000. 


FLINT, EATON & COMPANY 
DECATUR, ILLINOIS 


DHARMALY 
CHEMISTRY 
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THE PATIENT: 
No pain due to swelling. 
Toxic or allergic reactions extremely 


rare. 


Hypodermoclysis 


with the aid of 
THE NURSE: 
Minimum interference with nursing 


routines. 


WYDASE® 
THE DOCTOR: 
Avoids problem of finding veins or 


(formerly Hydase) 
frequent changing of injection site. 
Time-saving, simple procedure. 


Lyophilized Hyaluronidase 


In most cases it is 
preferred to inject 
Wydase 


1. INTO CLYSIS TUBING 
IMMEDIATELY AFTER 
START OF CLYSIS 


3. MIX WITH 
Alternate method CLYSIS 
of administration SOLUTION 
2. INJECT WYDASE 


SOLUTION INTO AREA 
BEFORE CLYSIS 
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The restoration of hemoglobin to normal 
levels in secondary anemia is at best a 
slow process requiring adequate medi- 
cation. The principal therapeutic ele- 
ment has been proven to be iron. Liver 
extract concentrate appears to be an 
important adjunct. The question of 
whether to prescribe ferrous or ferric 
iron has long been debated. Actually, 
however, some patients seem to do better 
on ferrous, others on ferric iron. For 
this reason, The Armour Laboratories 
offers these two different products. 


A ARMOUR 
Labotatortes 


Liver-Ferrous Capsulettes Armour 
Liver-Ferric Tablets Armour 


are both produced by The Armour La- 
boratories, making it possible to adapt 
the medication to the individual re- 
quirements of the patient. Both contain, 
besides ample therapeutic doses of iron, 
liver extract and the vitamin B complex 
naturally present in liver, which are be- 
lieved to be important adjuncts in re- 
storing a normal blood picture. 


Have confidence in the preparation you prescribe — specify “Armour” 


HEADQUARTERS FOR MEDICINALS OF ANIMAL ORIGIN +*© CHICAGO 9, ILLINOIS 
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NUMOROIDAL SUPPOSITORIES 


Soothing the Hemorrhoidal Area... Analgesic, vasoconstrictive medication 
in contact with the entire hemorrhoidal zone is provided in Numoroidal 
Suppositories. The special emulsifying base mixes with the secretions to 
assure coverage of the rectal area. 


Convenient: Individually packed. No refrigeration necessary. 


Formula: ephedrine hydrochloride 0.22%; benzocaine 5.00%, in a special emulsifying base. 
Average weight of 1 suppository—1.8 Gm. 


Boxes of 12 


NUMOTIZINE, Inc., 900 North Franklin Street, Chicago 10, Illinois 


5OTH YEAR OF PUBLICATION 


A practical journal built on merit 


that any doctor will take pride in 
having in his library—beautifully 
printed and illustrated—a publica- 
tion that will provide both pleasure 
and inspiration. 


The 
American Journal of Surgery 


49 West 45th St. New York 19 


Yearly Subscription $12.00 U.S.A. 
Canada and Pan-American Countries $14. 
Foreign $15.00 
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BEFORE 


AFTER 


RECTAL MEDICONE 


The Anesthetic Suppository 
Contains 5% Benzocaine 


ETHICALLY PROMOTED BY 


MEDICONE COMPANY «+ 225 VARICK STREET - NEW YORK 14, N.Y. 
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Pragmatar, the outstanding tar-sulfur-salicylic acid ointment, will often bring 
dramatic improvement in the common fungous infections, including: derma- 
tophytosis (“‘athlete’s foot’), tinea cruris, tinea corporis, tinea versicolor, 
tinea capitis, etc. 

Pragmatar incorporates—in a superior oil-in-water emulsion base—carefully 
balanced proportions of three of the drugs which are fundamental in derma- 
tological practice. Pragmatar is non-gummy and non-staining; easy to apply 
and easy to remove. 


PRAGMATAR 


Highly effective in an unusually wide range 
of common skin disorders 


Smith, Kline & French Laboratories * Philadelphia 


‘Pragmatar’ T. M. Reg. U.S. Pat. Off. 
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coagulation time 


This simple clinical test enables the physician to 
determine the efficacy and dosage of anticoagulant 
therapy with Heparin Sodium preparations devel- 
oped by Upjohn research workers. ‘The prompt effec- 
tiveness and ready controllability of therapy with 
preparations such as long-acting Depo*-Heparin 
Sodium, with or without vasoconstrictors, account 
for their expanding use in the treatment of throm- 


boembolic disease. 


* Trademark, Reg. U.S. Pat. Off. 


Upjohn Medicine... Produced with care... Designed for health 


THE UPJOHN COMPANY, KALAMAZOO 99, MICHIGAN 
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Simplified 
Regimen 

for Urinary 
Antisepsis 


PHARMACY 
CHEMISTRY 


BRAND OF METHENAMINE MANDELATE 


OF 


MANDELAMINE 


—3 or 4 tablets t. i. d. 


“...1 Gm. of Mandelamine administered by mouth three 
or four times daily will, in the presence of normal renal 
function, produce and maintain antibacterial concentrations 
of Mandelamine in the urine.”! 


“The administration of Mandelamine maintained an acid 
urine without dietary restriction or other drug therapy, 
excepting in those cases in which urea-splitting organisms 
were present.”’2 


MANDELAMINE®* is indicated in urinary-tract infections 

such as pyelitis, pyelonephritis, nephroptosis with pyelitis, 
cystitis, prostatitis, nonspecific urethritis, and infections 
associated with urinary calculi or neurogenic bladder. 
MANBELAMINE is distinguished for its virtual absence of 
the side-effects and drug-fastness so commonly associated 
with urinary antisepsis. 


OUTSTANDING ADVANTAGES 


1. Wide antibacterial range — including both gram-negative 
and gram-positive organisms 


2. No supplementary acidification required (except when 
urea-splitting organisms occur) 


3. Little or no danger of drug-fastness 

4. Exceptionally well tolerated 

5. No dietary or fluid regulation 

6. Simplicity of regimen —3 or 4 tablets t.i.d. 


SUPPLIED: Bottles containing 120, 500, and 1,000 enteric- 
coated tablets; each tablet 0.25 Gm. 


Literature and Samples on Request 


1. Scudi, J. V., and Reinhard, J. F.: J. Lab. & Clin. Med. 33: 
1304 (1948). 2. Carroll, G., and Allen, N. H:: J. Urol. 55: 674 (1946). 


*MANDELAMINE is the registered trademark of Nepera Chemical Co., Inc., for its brand of methenamine mandelate. 
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| 
UNCTIONAL UTERINE BLEEDING 


A NEW DOSAGE Form or WHITE’S DIENESTROL 


IS nom AVAILABLE: 10 mg. bles 


This new high potency dosage form gives the physician a complete 
range of potencies in White’s Dienestrol:— 
For control of the menopausal syndrome and for the relief of breast 
engorgement: 

TABLETS: 0.1 mg. (white) and 0.5 mg. (red) bottles of 100 and 1000. 


SUSPENSION: In 10 cc. multiple dose, rubber-stoppered vials. When vial is 
thoroughly shaken each cc. contains 5.0 mg. of Dienestrol. 


For high-potency estrogen therapy: 
TABLETS: 10 mg. (scored) bottles of 100. 
*To be used in women who are five years post-menopause. 


DIENESTROL 


.. potent, safe, and unusually well-tolerated .. 
and"... relatively inexpensive .. .’’ 


WHITE LABORATORIES, INC., Pharmaceutical Manufacturers, Newark 7,N. J. 


1. Finkler, R.S., and Becker, S.: Am. J. Obst. & Gynec. 53:519, (Mar.) 1947. 
2. Finkler, R.S., and Becker, S.: J.A.M.Women’s A. 1:154, (Aug.) 1946. 
3. Rakoff, A.E.; Paschkis, K.E., and Cantarow, A.: J. Clin. Endocrinol. 7:700, (Oct.) 1947. 
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MEDICAL 


SELLER! 


SECOND PRINTING 


Doctors’ Comments 


“Please accept my congratulations on 
your excellent publication on Modern 
Drugs.” K.S.G., M.D., Durham, N. C. 


“| am finding it very useful.” L.I.Y., 
M.D., Winona, Minn, 


“Put my name down to send me a new 
one every time it comes off the press.” 
D.H.A., M.D., Memphis, Tenn. 


“I think this is one of the best publi- 
cations in print.’’ W.S., M.D., Augusta, 
3240 Ethical Drugs of 
238 American Pharmaceutical Mo fe 

: 


Typical Description 


B,, CONCENTRATE Hematopoietic (Armour) 


DESCRIPTION: An aqueous solution containing 10 micrograms of vitamin Biz per cc 

ACTION AND USES: Effects an adequate hematopoietic response in pernicious anemia 
cases; offers a substitute for liver therapy in the treatment of pernicious anemia 
patients who exhibit a sensitivity to liver extract. An important adjunct to liver 
therapy in the treatment of pernicious anemia, nutritional macrocytic anemia, non- 
tropical sprue and tropical sprue. 


ADMINISTRATION: Intramuscularly, preferably in the gluteal muscle. In macrocytic 
anemia of pregnancy, 10 to 20 micrograms once a week until termination of pregnancy. 
In macrocytic anemia of infancy, 10 to 20 micrograms until blood count returns to 
normal. In nutritional anemia dosage may vary from 6 to 100 micrograms over a 
14 day period to obtain an optimal response. In most pernicious anemia cases 25 
micrograms per week results in an optimal response. 


SUPPLY: CONCENTRATE—Vials, rubber-capped, 10 cc. 


1949 Edition 
Bound in Red Fabricoid | 
1,200 pages, Size 2” x 6” x 9” 
Price Postpaid $12 U.S.A. — 
$14 Foreign 


Drug Publications, Inc. 
49 West 45th St., New York 19, N. Y. 


Enclosed is the sum of twelve dollars ($12 U.S.A.) for which 
please send me postpaid the new Fourth Edition of the MODERN 
DruG ENCYCLOPEDIA AND THERAPEUTICINDEX AND MODERN DRUGS. 


Name 


Address. 


City. State 
U.S.A. $12 Foreign $14 | 


Marion E. Howard, M.D.,F.A.C.P. 7. 
: 
| 
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Varicose ulcers of nineteen years’ duration. 
This is one of a series of 50 chronic ulcer cases 
in which the results of Chloresium Therapy 
were observed by a leading clinic. 


Chloresium therapy brought this improvement 
in six weeks. Complete healing occurred one 
month later. Of the fifty cases studied, forty- 
eight showed marked improvement. 


For diabetic and varicose ulcers 
...use Chloresium Therapy 


Stimulates growth of normal healthy 
tissue, gives symptomatic relief, deo- 
dorizes ... clinically proved. 


@ In chronic, indolent ulcers, the prodlem is 
how to aid the healing of tissue which is 
obviously not able to repair itself. The 
answer is Chloresium, the therapeutic chloro- 
phyll preparations. Clinical reports on large 
series of such cases, which resisted other 
method of treatment, show that most of 
them responded rapidly to Chloresium’s 
chlorophyll therapy —and healed completely 
in relatively short time. 


*From the Lahey Clinic Bulletin (Vol. 4, No. 8, 
April 1946): “The water-soluble chlorophyll 


Chlorestum 


REG. U.S. FAT. OFF 


Therapeutic chlorophyll preparations 


Solution (Plain); Ointment; Nasal 
and Aerosol Solutions 


Ethically promoted—at leading drugstores 


U. S. Pat. 2,120,667 — Other Pats. Pend. 


containing ointment (Chloresium) has now been 
used at this clinic in more than 50 cases of the 
more chronic and difficult ulcers . . . (it) ap- 
parently excels any of the previously used 
agents . .. Many patients who had ulcers un- 
healed from one to eight years obtained com- 
plete healing in six to ten weeks.” 


*From the Guthrie Clinic Bulletin (Vol. 16, No. 
1, July 1946): ‘““We have used a water-soluble 
ointment of chlorophyll (Chloresium) in a vari- 
ety of conditions . . . with splendid results.in a 
vast majority of cases. In a group of chronic 
ulcers there has been almost universal prompt 
and early healing.” 


Try Chloresium on your most resistant case— 
it is nontoxic, bland, soothing, deodorizing. 


*Complete reprints available on request. 


FREE—CLINICAL SAMPLES 


7 
| 
i 


RYSTAN CO., INC., Dept. JM-7 
7 N. MacQuesten Pkwy., Mt. Vernon, N. Y. 


I want to try Chloresium Ointment and Chloresium 
Solution (Plain). Please send clinical samples. 


Dr 


Address 


City. Zone. State 
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; Only one or two tablets daily—plus an occasional injection—are 
oy needed to maintain the cardiac patient at “dry weight” employing 


yi Tablets MERCUHYDRIN® with Ascorbic Acid. Some patients—freed 
. of accumulated fluid with parenteral meralluride sodium—may 
we be kept edema-free on tablets alone. 
oe Tablets MERCUHYDRIN with Ascorbic Acid permit daily fluid con- 
s trol with a minimum of injections facilitating the frequent-dosage 
» 4 schedule of modern diuretic therapy. 
ae ideal for ambulant patients and those who cannot be given 
frequent injections. 
te well tolerated when prescribed in the recommended dosage. 

2! effective in producing mild, sustained diuretic action. 
+ 3 convenient—the oral is the safest and most convenient route. 


Keep your cardiac patients edema-free with... 


WITH ASCORBIC ACID 


re 3 dosage: One to two tablets daily—morning or evening—preferably after 
meals. 

oo available: Bottles of 100. Each tablet contains meralluride 60 mg. and 
ee ascorbic acid 100 mg. 


~ 


, INC., MILWAUKEE 1, WISCONSIN 
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